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ABSTRACT 
A survey of causes of post harvest losses of Nile perch (Lates 
niloticus) carried out in Kenya in 1987, revealed that losses are 
experienced by both fish processors and traders of cured fish 
during processing, handling and storage. The heaviest losses 
occur during the rainy season which also corresponds to the 
period when the highest catches are realised. The major causes 
of losses were found to be bacterial deterioration, blowfly 
larvae infestation, moulds and fragmentation. 
Field investigations were 
region to determine the 
carried out in Kenyan Lake Victoria 
effect of salting, sun drying and 
packaging methods, in reducing or preventing losses of smoked 
Nile perch. Salting the fish in brine concentration of 20% (w/v) 
before smoking, resulted in the smdked product having a salt 
content of at least 10% (wwb). This was found to inhibit blowfly 
larvae infestation, delay and reduce beetle larvae infestation 
during storage and also reduce fragmentation during the 
processing of Nile perch. Sun drying reduced moisture content 
and therefore reduced incidence of bacterial spoilage and blowfly 
infestation. However, the sun dried smoked product was found to 
be more conducive to beetle infestation and fragmentation. 
screening the fish with mosquito net prevented blowfly and beetle 
attack on smoked Nile perch. 
The salting 
activity of 
spoilage. 
process reduced the moisture content and water 
the fish flesh and appeared to retard microbial 
There was a slight reduction in protein and lipid 
contents on dry weight basis after the smoking process. 
Laboratory investigations into the effect of salt concentration 
on oviposition, larval growth and mortality of blowflies, Lucilia 
and Chrysomya species, found in smoked Nile 
carried out. Results of these trials 
perch in Kenya were 
indicated that when 
presented with oviposition media (fish) of a range of salt 
concentrations, blowflies prefer to oviposit on medium of lowest 
concentration. Chrysomya spp oviposited on medium with salt 
concentrations upto 8.7% (37% dwb) and Lucilia !E2 oviposited on 
salt concentration of up to 10% (39% dwb) in the absence of 
choice. The larval growth and mortality trials indicated that 
relatively low salt concentration of 7% (wwb) and 9% (wwb) would 
effectively stop larval growth of Kenyan Chrysomya and Lucilia 
!E2 respectively and therefore control infestation of salted fish 
by these blowflies. These salt concentrations are readily 
acceptable by Kenyan population. 
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1. INTRODUCTION 
The Nile perch, Lates niloticus (Linne) is found in Lakes 
Victoria and Turkana in Kenya. Lake Turkana accounts for 3% 
of tota~ Nile perch produced in the country (Kenya Fisheries 
Dept., 1987). Since 1981 the production of Nile perch from 
Lake Victoria has been steadily increasing and at present 
contributes approximately 50% of the country's total fish 
landings. 
The Kenyan territorial portion of Lake Victoria represents 
only 6% of the Lake's total surface area of 68000 km2 • Lake 
victoria produces 80% of the country's total landings and the 
Lake's landings comprise among other species, 60% Nile perch, 
Lates niloticus; 9% tilapia, Oreochromis niloticus (Linne) 
and cyprinid, Rastrineobola (a Engraulicypris) argentea 
(Pellegrin) (Kenya Fisheries Dept., 1987). 
Nile perch is an endemic species of Lake Turkana and although 
fossil records indicate that the fish had earlier existed in 
Lake Victori? (Gee, 1965), the present stock in the lake were 
introduced in the 1950's and the early 1960's to prey on 
Haplochromis species which were in abundance but not popular 
with local fishermen (Hamblyn, 1960; Okedi, 1970). The 
introduced species were from Lake Albert. 
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In the Nyanza Gulf, Nile perch started appearing in the 
fishermen's catches in the late 1960's and early 1970's 
(Benda, 1981). However, the fish gained economic importance 
in Kenya in the early 1980's when fishermen realised that 
they could catch more Nile perch in a day than their popular 
Ti1apia. Inspite of its low prices the fishermen earned. more 
money from Nile perch than Tilapia due to the larger catches 
of the former. 
The increased Nile perch landings were accompanied by heavy 
post harvest losses initially, because the traders were 
reluctant to' buy the fish due to limited number of its 
consumers. The local processors were also not familiar with 
methods of processing oily fish. This left the fishermen 
with no option but to sell their catch at very low prices or 
lose them through microbial spoilage. The Fish Processing 
plants (filleting and freezing) slowly started to emerge, 
taking advantage of this cheap commodity. Although the Nile 
perch was not popular with the lake victoria region 
population at the time, it was readily accepted in urban 
areas, espe~ially Nairobi. By 1987 there was heavy demand 
for the Nile perch due to the developing export market. The 
frozen fillets found ready markets in Europe, Israel and 
Australia, in addition to the local market. Although this 
reduced the losses slightly, heavy losses are still 
experienced 
impassable. 
during rainy seasons when roads become 
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Despite increased modern processing methods, 
processing accounts for a substantial part of 
traditional 
Nile perch 
landings. In 1987, less than a quarter of the Nile perch 
landed was processed into frozen fillets for export and the 
bulk was cured before utilisation (Tettey, 1988). The 
traditional curing methods ot Nile perch in Kenya include. 
smoking, frying and to a lesser extent sun drying. These 
processes offer products that are affordable, able to reach a 
large proportion of the Kenyan population and thus provide 
nutritional benefits. 
Post harvest losses of cured Nile perch occur during 
processing, and are most significant during storage. The 
losses (due to blowfly infestation, moulds, bacterial 
decomposition, fragmentation and beetle infestation) are 
experienced by both processors and traders and can sometimes 
be total, especially during the rainy season (Rogers, 1988). 
There is therefore, a need to upgrade the methods, techniques 
and equipment used in order to reduce losses and improve the 
quality of the product. 
It is against this background that the present work is aimed 
at: 
(a) investigating the causes of post harvest losses of Nile 
perch, and 
(b) investigating methods of reducing or preventing these 
losses. 
2. 
2.1 
2.1.1 
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LITERATURE SURVEY 
Importance of cured fish in the tropics 
Importance in preservation 
Although the global ~ish catch is increasingly being 
preserved by freezing in developing countries (James and 
Krone, 1977), traditional curing process still provide 
an important means of fish preservation in tropical 
developing countries (FAO, 1981). The cold chain infra-
structure (ice plants, freezers, etc.) in these 
countries is generally inadequate and, due to high 
ambient temperatures, the fish spoil very rapidly. 
Therefore traditional curing methods still provide the 
major method of preservation for fish that cannot be 
sold fresh (Table 1). In some areas in Africa, about 
80-95% of landings are cured (Osuji, 1977; watanabe, 
1985), while in South East Asia, where total catch is 8 
million tonnes, about 30% is preserved by curing (Esser, 
1988a). If markets are easily reached, curing may 
become of relatively minor importance, for example, in 
Sri Lanka, only 11% of the fish landed is preserved by 
curing (Sidaway and Balasingam, 1971). 
During the peak fishing season or rainy periods, the 
proportion of the catch used for curing will increase, 
as the surplus (i.e. that which cannot be sold fresh) 
will be preserved by curing (FAO, .1981). 
- 5 -
Table 1: utilisation of fish catches in some tropical countries 
('000 tonnes live) 
I 
country Fresh Cured % cured of % fish as total 
total catch dietary animal 
protein 
Africa (Inland) 
Chad 35 82 70.1 37 
Malawi 21 21 50.0 43 
Africa (coastal) 
Senegal 147 62 19.7 60 
Ghana 74 151 67.1 64 
Nigeria 86 104 54.7 18 
Asia 
-
Bangladesh 717 53 6.4 52 
Sri Lanka 91 11 10.6 42 
philippines 922 310 25.2 53 
Indonesia 700 650 46.7 68 
Iraq 36 3 7.7 6 
Latin America 
Mexico 132 25 6.0 8 
Brazil 352 136 20.7 9 
Chile 94 2 0.2 10 
i 
Source: Teutscher, 1979 
2.1.2 
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Importance in nutrition 
Fish is rich in pr.otein and therefore often has an 
important role in providing animal protein to help meet 
human dietary requirements. Fish contain 17-25% protein 
with an average content of 199/100g (Kinsella, 1988). 
Fish protein is highly digestible and being rich in 
methionine, lysine and isoleucine, can be a valuable 
source of essential amino acids (FAO, 1981; Afolabi et 
al., 1984). In many tropical countries, lack of 
sufficient high quality dietary protein causes 
nutritional deficiencies. Therefore an increased supply 
of cured fish would help alleviate the situation (FAO, 
1981). Table 2 illustrates the contribution of fish as 
a source of animal protein in some tropical countries. 
Besides its nutritional role as a source of protein, 
fish also contains vitamins (mainly A and D), minerals 
and is a minor source of energy (FAO, 1981; Kinsella, 
1988). Fish lipids are characterised by a relatively 
high content of polyunsaturated fatty acids (PUFAS), 
mostly of n-3 family (n-3 PUFAS). The n-3 PUFAS are 
believed to be important in reducing the incidence of 
coronary heart disease (Ackman, 1980; Afolabi et al. 
1984; Carroll, 1986). Researchers have shown that 
freshwater fish generally contain lower portions of 
Omega-3 (n-3) PUFAS than marine fish (Monsen, 1985; 
vlieg and Body, 1988). However recent reports indicate 
2.1.3 
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that freshwater fish contain relatively large amounts of 
n-3 PUFAS (puustinen et al. 1985; Agren et al. 1987, 
1988). Wang et al. (1990) showed that most Lake 
Superior fish had high levels of Omega-3 (n-3) fatty 
acids. 
Lipids are also 
absorption and 
(Ackman, 1974). 
necessary in 
transport of 
Importance in economy 
the diet for effective 
fat soluble vitamins 
Traditional fish curing is both an effective and 
inexpensive method of preserving fish. For small scale 
fisheries in developing countries, where other methods 
of preservation such as chilling, cold storage and 
canning are not readily available, fish curing is 
essential. The relatively low cost and simplicity of 
the traditional curing process has led to its wide use, 
especially in rural communities (Wood and Halliday, 
1983). A number of socio-economic factors affect the 
efficiency of marketing of traditionally cured fish. 
These include, income and budgetary constraints of 
processors, traders and consumers; inefficient pricing 
mechanisms; poor physical infrastructure such as roads; 
storage and transport facilities (Anderson and Anderson, 
1988). 
- 8 -
Table 2: Per capita protein supplies of some tropical areas 
in 1974 
Animal Protein 
g/day % provided by fish 
Africa 9.3 24 
Far East 7.5 32 
Latin America 25.3 8 
Near East 14.0 6 
-
Source: Teutscher, 1979 
2.2 
2.2.1 
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The total world production of preserved and processed 
fishery commodities, in principal producing areas in 
1987, was estimated to be 34.8 million tonnes of which 
about 5.4 million tonnes (15.5%) were traditionally 
cured (FAO, 1987). 
The formation of fish marketing organisations such as 
fishermen's co-operative societies should help modernise 
and expand trade in cured fish. Such cooperatives have 
been established in some African countries, where they 
are used to obtain loans from the government and to 
improve fish marketing (Osuji, 1977), although in most 
cases they are inefficient (Tettey, 1988). These 
co-operative societies would also form a basis for 
standardisation of techniques and initiation of quality 
control (Osuji, 1977). 
Traditional processing methods 
General 
Much cured fish is produced in developing countries, 
where it forms an important source of dietary protein. 
A summary of the total world fish catch and disposition 
is given in Table 3. The figures show that 70% of the 
world catch is used for human consumption, and of this, 
about 22% is traditionally cured fish. 
I 
-
I 
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Table 3: Disposition of world fish catch (in thousands of tonnes live weight) 
1978 - 1987 
1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 
Total world 70.2 71.1 72.2 74.8 76.9 77.6 83.7 86.0 92.3 92.7 
catch 
For human 50.5 51.7 53.3 55.1 55.3 56.5 59.4 60.7 65.5 67.1 
consumption (72.0) (72.8) (73.9) (73.6) (72.0) (72.8) (71.0) (70.6) (70.9) (72.4) 
Marketing 13.6 14.1 14.9 15.3 14.3 14.7 15.4 16.1 19.2 20.2 
fresh (19.4) (19.8) (20.6) (20.5) (18.6) (19.0) (18.4) (18.7) (20.8) (21.8) 
Freezing 15.7 16.2 16.3 17.2 18.7 18.9 20.2 20.4 21.8 22.1 
(22.4) (22.7) (22.6) (23.0) (24.3) (24.3) (24.1) (23.7) (23.6) (23.8) 
CUring 10.8 10.9 11.3 11.5 11.7 11.8 12.2 12.7 13.0 13.2 
(15.4) (15.3) (15.7) (15.4) (15.2) (15.2) (14.6) (14.8) (14.1) (14.2) 
Canning 10.4 .10.7 10.8 11.0 10.7 11.1 11.6 11.5 11.5 11.6 
(14.8) (15.0) (15.0) (14.7) (13.9) (14.3) (13.9) (13.4) (12.4) (12.6) 
For other 19.7 19.3 18.9 19.7 21.5 21.1 24.3 25.3 26.8 25.6 
purposes (20.8) (27.2) (26.1) (26.4) (28.0) (27.2) (29.0) (29.4) (29.1) (27.6) 
I 
Source: (FAO, 1987) 
Figures in parenthesis represent the percentages. 
2.2.2 
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Traditional curing methods involve reduction of water 
activity (Aw), which should be sufficient to slow down 
or prevent spoilage processes. This is done by either 
drying the fish to remove water directly and/or by 
adding salt to it to render the moisture unavailable to 
micro-organisms (FAO, 1981). 
The major traditional curing methods 
drying, smoking or a combination of 
important that fish for salting, smoking 
are salting, 
these. It is 
or drying are 
prepared in a way that allows rapid salt penetration and 
water removal (ILO, 1982). Inadequate preparation may 
result in spoilage if sufficient low Aw cannot be 
achieved quickly (-FAO, 1981). 
very small fish such as anchovies, sardines and other 
species less than 10 cm long are cured without any 
preparatory cutting. Fish longer that 15 cm are 
normally split open, so that the surface area is 
increased and the flesh thickness reduced. with fish 
more than about 25 cm long, additional cuts (scores) are 
generally made in the flesh (FAO, 19811 ILO, 1982). 
Sal ting 
During salting, the flesh of fish loses some of its 
water. Rapid penetration of salt into the flesh is 
desirable for protection of the product (ILO, 1982). 
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The basic salting methods in use in the fishing industry 
are: 
(a) Kench curing: This involves rubbing solid salt into 
the fish flesh and allowing the extracted fluid to 
, drain. 
(b) =P~i~c~k~l~e~~c~u~r~i~n~g: This is similar to kench 
except that the fluid extracted from the 
curing, 
fish is 
not allowed to drain away. The fish is therefore 
immersed in a very salty "pickle". 
(c) Brining: The fish are soaked in a prepared solution 
of salt in water. 
The methods to be used are influenced by such factors as 
climate, salt quality, type and quality of the fish 
used, the type of product desired by consumers and the 
cost (ILO, 1982). In general, Kench curing is suitable 
for lean fish such as cod (Waterman, 1976). pickling is 
mainly used for fatty fish, while brining is suitable 
for b~th lean and fatty fish (Waterman, 1976). 
Kench curing and pickling are commonly used in regions 
where heavily salted fish products have a ready market. 
Light brining, where salt content of 10-15% is enough to 
prevent microbial spoilage 
commonly used in regions 
products do not appeal 
watanabe, 1985). 
and insect infestation, is 
where heavily salted fish 
to consumers (FAO, 1981; 
2.2.3 
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Most salted fish is subsequently dried, and it is the 
combination of salt content and moisture content which 
determine the keeping· quality of the product (ILO, 
1982). 
Drying 
Natural drying, using the action of the sun and winds, 
constitutes one of the least expensive drying methods. 
Simple drying of fish in the sun is one of the commonest 
methods of curing used in tropical countries (ILO, 
1982). It is particularly suited for low-income groups. 
Simple improvements such as drying racks raised above 
the ground level can increase drying rates and reduce 
contamination (ILO, 1982; Watanabe, 1985). 
In colder climates, fish can be hung up to dry in the 
wind. The process is slower than sun-drying but the 
lower ambient temperatures slow down the spoilage 
processes (FAO, 1981). 
The initial drying rate depends on the rate at which the 
water leaves the fish surface, while later drying is 
limited by the rate at which water diffuses from the 
centre of the fish to the surface (Waterman, 1976; FAO, 
1981). High temperatures, low atmospheric relative 
humidities (rh) and high air speeds aid evaporation. A 
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high fat content in the flesh acts as a barrier to 
diffusion and therefore slows the rate of drying. The 
rate of diffusion is faster in small or thinly sliced 
fish than in big and thick fish (Waterman, 1976). 
Case hardening results in fish that initially dry too 
quickly, e.g. when exposed to both high temperatures and 
strong winds. The surface flesh dries and forms a hard 
crust, which slows the rate of diffusion of water from 
the centre to the surface. This can result in bacteria 
multiplying in the damp interior causing it to spoil, 
while the exterior appears satisfactory (FAO, 1981). 
Three to ten days drying time is generally required to 
prepare a typical sun dried product although the 
duration varies considerably depending on process, 
weather and the type of fish (Waterman, 1976; Watanabe, 
1985). 
There comes a stage in any fish drying when, due to the 
relative humidity of the air, it is not possible to 
remove any more water. The minimum water contents 
obtainable at different relative humidities are shown in 
Table 4. Thus it would be impossible to dry stock fish 
to below 15% water content in air that has relative 
humidity of 60%. The minimum water content that can be 
achieved at a particular relative humidity is known as 
equilibrium water content. 
· .. 4" 
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Table 4: Effect of humidity on final water content of lean 
unsal ted fi sh 
Relative humidity of air % Minimum water content obtainable 
in fish % 
20 7 
30 8 
40 10 
50 12 
60 15 
70 18 
80 24 
Source: waterman, 1976 
2.2.4 
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Smoking 
Traditional smoking is generally hot smoking which cooks 
and partially dries the fish as well as imparting a 
smoky flavour. The fish may be salted, and partially 
sun dried before smoking. Further su~ drying may take 
place after smoking depending on the final moisture 
content required (FAO, 1981). 
The fish, if small, are 
larger fish are split 
smoked. 
usually smoked whole, while 
open or cut into steaks and 
Smoking itself takes one to. three days. 
of many traditional smoking kilns 
The open nature 
means that smoke 
densities and temperatures are crudely controlled by 
regulating the fire itself. Traditional smoking 
techniques vary widely. The simplest method is where 
the fish is placed on racks in a pit containing 
smouldering wood, which cooks and flavours the fish. 
Such fish are usually charred and have a short storage 
life. This type of kiln is widely used in East Africa 
(UNIFEM, 1988). Other types of kilns include oil drums 
and 
pits. 
mud ovens, 
The 
with 
most 
iron grills placed over the fire 
important advantage of simple 
traditional ovens such as these are their low capital 
cost (UNIFEM, 1988; Tettey, 1988). 
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One of the most important limitations of traditional 
ovens is the lack of an efficient air-flow system. This 
results in poor economy of fuel wood and lack of control 
over both temperature and smoke density (UNIFEM, 1988; 
Rogers et al. 1989). Also in many areas, fuel wood has 
become both scarce and expensive (UNIFEM, 1988; Rogers 
et al. 1989). The durability of the kilns is limited 
due to the construction material used (UNIFEM, 1988). 
Production of smoke implies a fire and generation of 
heat and therefore during the smoking process, the fish 
dries. In most smoking treatments, the drying is often 
the more important part of the preservation process. 
Since salting is sometimes a preliminary step to 
smoking, long term storage life of smoked product owe 
their keeping quality not only to wood smoke, but drying 
and salting as well (Waterman, 1976). 
Some of the chemicals in wood smoke act as inhibitors of 
microbial attack, and phenolic compounds in the smoke 
also exhibit some anti-oxidant properties, which help to 
protect the smoked product against lipid oxidation 
(Hansen, 1979; Urch, 1984). 
2.3 Packaging, storage and distribution of cured fish 
The production of cured fish plays an important role in 
creating a wider market for fish. Poor roads and 
transport facilities restrict consumption of fresh fish 
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in many developing countries, to the fishing regions. 
The distribution system of cured fish involve use of 
public transport, bicycles, donkeys, camels, etc. 
depending on the distance of the target market (FAO, 
1981). 
The periods between production and consumption are 
highly variable from region to region. In Malawi, for 
instance, dried fish is eaten within 2-3 weeks of 
production (Meynell, 1978), while in Kenya it takes 4-6 
weeks (McLellan, 1964). Small scale fish processing 
often occurs in localities with poor transport and road 
conditions. After processing, the cured fish are 
accumulated until there is sufficient to send to a 
collecting point (FAO, 1981). The different types of 
containers traditionally used for packing processed fish 
include, baskets, boxes, sacks and cartons which may be 
made of 
paper 
although 
or 
bamboo, coconut matting, wood, jute, metal, 
plastics (UNIFEM, 1988). The materials, 
readily available and 
disadvantage of not providing 
inexpensive have the 
good protection against 
uptake under humid rain, fragmentation, moisture 
conditions, insect infestation, dust and sand particles 
during storage and distribution (FAO, 1981). 
2.4 
2.4.1 
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Post harvest losses of cured fish 
General 
Due to the perishable nature of fish, small scale fish 
processors can lose nutrients and some of their profit. 
Spoilage of fish may take place before, during and after 
processing. ILO(1982) reported that ap~roximate1y 25% 
of a catch of fish in tropical developing countries may 
be lost through one cause or another before consumption. 
National Academy of Science (1978) reported findings 
where an estimated 3 million tonnes out of approximately 
12 million tonnes world cured fish production was lost 
annually. The bulk of these losses occur in tropical 
developing countries which in some cases, estimates are 
as high as 50% (Pou1ter et al., 1988). The principal 
loss causing agents under tropical conditions are 
summarised in Table 5. 
Methods for estimation of losses have not been well 
standardised and therefore very little published 
information quantifying losses due to infestation in 
cured fish is available (Pou1ter et al., 1988). Most of 
these estimates have been carried out in Africa, and 
only a few investigations have been carried out in South 
East Asia, where losses due to insect infestation are 
also serious (Esser, 1988a). 
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Table 5: principal loss-causing agents under tropical conditions 
Loss causing 
agent 
(a) Spoilage prior 
to processing 
(b) Blow-fly 
infestation 
(c) Halophilic 
bacteria and 
moulds 
(d) Beetle 
infestation 
Degree of losses under different climatic conditions 
Dry (but possibly) 
with overnight dew) 
low 
low 
low - moderate 
moderate - high 
Humid Rainy 
low - moderate high 
moderate - high high 
moderate - high high 
moderate low 
(relatively) 
Fragmentation is pro~ly a major cause of loss for hot-smoked dried fish, but 
otherwise probably associated with insect and microbial attack. 
Birds, rodents, etc., may cause appreciable losses under all climatic conditions 
Salted fish is less susceptible to insect attack but more susceptible to 
halophilic bacteria than unsalted. 
Source: FAO, 1981 
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Table 6 gives a summary of physical losses of cured fish 
due to insect infestation, as reported in various 
developing countries. The method of assessment was 
either by estimation or measurement, and therefore the 
value of such information can only be realised if the 
methods used were the same for all the studies (Esser, 
1988a). It is also worthy noting that most of the 
information (Table 6) relate to dried (unsalted) and 
salted dried, with little information on smoked dried 
fish. It would therefore be necessary to verify, when 
applying these figures to a specific loss problem 
(Esser, 1988a). 
The major types of post harvest losses of cured fish can 
be classified as physical, economical and nutritional 
losses (Poulter, et al., 1988). 
2.4.1.1 Physical losses 
The physical losses are mainly caused by fragmentation 
and insect infestation where weight of flesh is lost 
(FAO, 1981). The feeding habits of the larvae of 
blowflies and dermestid beetle are the main causes of 
physical losses encountered in infested cured fish. 
Further damage is caused by 
into the flesh in search 
1945; FAO, 1981), which 
the larvae as they burrow 
of pupation sites (Hinton, 
subsequently increases the 
tendency for the cured fish 
(Poulter, et al. 1988). 
product to fragment 
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Table 6: Physical losses caused to cured fish by insect infestation and 
fragmentation in the tropics (adapted from Poulter et al., 1988) 
Cause r Country Type of % Method of Source 
Fish Losses Assessment 
Blowflies Bangladesh DU 25 E Doe et al. (1977) 
Bangladesh DU 30 E Ahmed et al. (1978) 
Indonesia OS 5-19 M Esser et al. (1985) 
Malawi DU 10-27 M Meynell (1978) 
Malawi DU 22 M Walker & Donegan (1984) 
Sudan DU 15-30 E Mastaller (1981) 
The Gambia DU 16 M Walker & Evans (1984) 
Senegal DU 34.5 M Wood & Walker (1986) 
Beetles Burkina Faso DU 25 E Guggenheim (1980) 
Kenya DU 1-15 M Wood & Walker (1986) 
Kenya DU 16 M Golob et al. (1987) 
Global - 25 E James and Krone (1977) 
Malawi DU 18 M Walker (unpub) 
Mali OS 23 M Aref et al. (1965) 
Nigeria SO 40 E Bouare (1986) 
Nigeria DU 50 E RaIlings & Hayward (1963) 
Nigeria DU 22 E Mills (1979) 
Senegal DU 20 E Toury et al. (1970) 
Senegal DU 10-30 E Oiouf (1980) 
Thailand OS 25 M Rattagool et al. (1988) 
The Gambia DU 14 M Walker & Evans (1984) 
Zambia DU 10 E watanabe (1971) 
UK* SO 47 M Taylor & Evans (1982) 
UK* OS 15-41 M Wood et al. (1986) 
Fragmen- UK** SO 3-25 M wood et al. (1986) 
tation 
E = Estimated loss DU - Dried, unsalted 
M = Measured loss OS = Dried, Salted 
SO = Smoked, Dried 
* Laboratory trials at 27°C and 70% relati~e humidity 
**Laboratory trials after pre-drying at 25 C before hot smoking 
- 23 -
2.4.1.2 Economical losses 
Economic ·losses can occur due to spoilage of fish which 
may be caused by micro-organisms or insect attack before 
or/and after processing (Poulter et al., 1988). The 
spoilt cured fish product is in most occasions thrown 
away or sold at very low prices. 
2.4.1.3 Nutritional losses 
2.4.2 
LOSS in nutritional value may be due to loss of 
nutrients, e.g. protein damage during processing as well 
as the possible physical losses (FAO, 1981). Lipid 
oxidation may cause unacceptable flavours, due to 
rancidity. It has also been reported that .the 
nutritional value of oxidised fish fat is appreciably 
lower than that of the fat in the natural form (FAO, 
1981) (see section 2.4.6.2). 
Losses due to digestive enzyme activity (autolysis) 
Immediately after the death of the fish, digestive 
juices in the stomach begin to digest the lining of the 
stomach. This may eventually result in the complete 
perforation of the belly wall and in extreme cases, in 
liquefaction of the entire carcass (Eddie, 1983). While 
fish and other animals are alive, systems control and 
inhibit the action of digestive juices. These systems 
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cease to function on the death of fish. The 
uncontrolled enzyme action brings about chemical and 
hence physical· breakdown of the fish tissue (Eddie, 
1983). 
2.4.3 Losses due to micro-organisms 
2.4.3~1 Bacteria 
In dry weather, losses due to microbial spoilage prior 
to and during processing are probably small when weather 
conditions allow drying to take place rapidly (FAO, 
1981). However, lack of on-board icing may lead to 
quality deterioration which may cause financial losses 
to fishermen. The bacterial and chemical changes which 
cause spoilage proceed rapidly at temperatures at which 
tropical fish normally live (25-30oC) (ILO, 1982). 
During the wet season, fish may become unacceptably 
spoilt before significant drying is achieved. Good 
quality cured fish products usually result from use of 
good quality raw material, although sometimes fish that 
could not be sold fresh are used as raw material for 
curing (Poulter, 1980; FAO, 1981; UNIFEM, 1988). It is 
common practice in some countries, e.g. Mali and South 
East Asia to allow fish to spoil before processing in 
order to give the required flavour to the product 
(Guillon, 1976; Subba Rao, 1967). 
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Immediately after catching, the unpreserved fish is 
prone to spoilage due to the effect of activity of 
bacterial and fish enzymes. The fish quickly becomes 
spoiled within 12 hours when kept at ambient tropical 
temperatures without salting or drying (FAO, 1981; ILO, 
1982). 
Bacteria do not generally grow in products with Aw less 
than 0.88, although some halophilic bacteria will grow 
in cured fish with Aw as low as 0.75 (FAO, 1981). 
Species of 
cured fish 
genus Halobacterium and Halococcus attack 
of not less than 10% salt content, and 
produce a pink discoloration (FAO, 1981; ILO 1982). The 
proteolytic action causes the flesh to soften and break 
up, and also causes off-flavours and odours. These 
bacteria are a particular problem with salted fish, but 
due to their aerobic nature, their growth is stopped by 
soaking the fish in saturated brine, provided the flesh 
is 'kept fully immersed. Adequate drying is necessary to 
prevent subsequent attack during storage (FAO, 1981; 
ILO, 1982). 
2.4.3.2 Moulds 
Moulds are more resistant to the effect of dry 
conditions than bacteria. Some moulds are capable of 
survival in products with Aw as low as 0.6, although 0.7 
is the minimum Aw which will sustain growth of most 
storage moulds (FAO, 1981). 
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The common storage moulds and the minimum Aw required 
for their growth are shown in Table 7. 
Moulds cause losses due to discoloration or visible 
growth that either makes the product unacceptable to 
consumer and/or reduces its economic value (FAO, 1981). 
The moulds may also produce mycotoxins which have 
harmful effects. Due to the nature of metabolism of 
micro-organisms in that they release water, cured fish 
attacked initially by moulds will soften due to 
increased Aw, allowing other micro-organisms such as 
halophilic bacteria to attack and putrify the fish (FAO, 
1981). Cured fish therefore deteriorates rapidly after 
initial mould attack (Poulter, 1980). 
Spoilage mould growth is sensitive to temperature (Table 
8). very low and very high temperatures inhibit mould 
growth. It is apparent from Table 8 that the optimum 
temperatures of most moulds are within the tropical 
ambient temperatures. Although the practice of scraping 
off mould colonies and re-drying reduce losses, problems 
due to mycotoxins could exist if toxic strains are 
present (Table 9) (FAO, 1981). Certain toxigenic 
strains of A. Ochraceus, (minimum Aw 0.76) can sometimes 
pr~duce the toxins penicillic acid and ochratoxin A in 
dried foodstuffs (Bacon et al., 1973). 
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Table 7: Minimum Aw for the growth of common storage moulds at 
o 
their optimum temperature for growth (26-30-£1 
Mould Minimum Aw for Growth 
Aspergilus halophilicus 0.68 
A. restrictus 0.70 
-
Wallemia sebi 0.70 
--
A. glaucus group 0.73 
-
A. candidus, A. ochraceus 0.80 
-
-
A. flavus 0.85 
-
Pencillium spp. 0.8 - 0.9 
Source: Christensen and Kaufmann, 1974 
Table 8: Temperature effects on growth of some storage moulds 
Species Min. °c opt. °c Max. °c 
Aspergillus restrictus 5-10 30-35 40-45 
Aspergillus glaucus group 0-5 30-35 40-45 
ASpergillus candidus 10-15 45-50 50-55 
Aspergillus flavus 10-15 30-35 45-50 
Penicillium spp. -5-0 20-25 35-40 
Source: Christensen and Kaufmann, 1974 
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Table 9: Minimal Aw limits for some micro-organisms of significance 
to Public Health 
. 
Micro-organism Minimal Aw for 
Growth Toxin Production 
As~rgillus clavatus 0.85 0.99 (patulin) 
A. flavus 0.78.,.0.80 0.83-0.87 
A. ochraceus 0.77-0.83 0.83-0~87 (ochratoxin) 
A. ochraceus 0.76-0.81 0.80-0.88 (penicillic acid) 
A. parasiticus 0.82 0.87 (aflatoxin) 
Bacillus cereus 0.93-0.95 
Byssochlarnys nivea 0.84 
Clostridium botulinum 0.93(A)-0.95(A) 0.94-0.95(A) 
0.93-0.94(B) 0.94(B) 
0.95(E)-0.97(E) O.97(E) 
Clostridium perfringens 0.93-0.95 
Penicillium cycloEium 0.82-0.87 0.97 (penicillic acid) 
P. cyClopium 0.81-0.85 0.87-0.90 (ochratoxin) 
P. expansum 0.83-0.85 
P. martensii 0.79-0.83 0.99 (penici1lic acid) 
P. patulum 0.81-0.85 0.85-0.95 (patulin) 
P. viridicatum 0.83 0.83-0.96 (ochratoxin) 
Salmonella sPE. 0.92-0.95 
Stachybotrys atra 0.94 0.94 (stachybotryn) 
StaEhylococcus aureus 0.86 0.87-0.90 (enterotoxin A) 
0.97 (enterotoxin B) 
Trichothecium roseum 0.90 
Vibrio parahaemolyticus 0.94 
Derived from Beuchat (1981) 
- 29 -
Aflatoxin produced by A. flavus 
concern (FAO, 1981). High levels 
is a toxin of great 
of the toxin (600 
700 ppm) have been found in dried fish (Okonkwo, et al., 
1977). Two of the three A. flavus strains isolated from 
fungi found on the surface of dried shrimp produced 
afIatoxin B1 and G1 (wu and Salunkhe, 1978) and A. 
flavus has been isolated from cured fish in Vietnam 
(Townsend et al., 1971). 
Although there is no evidence that consumers have been 
poisoned by mycotoxins in cured fish, it may still be a 
problem that has not been positively identified due to 
lack of research data (FAO, 1981). 
2.4.4 . Losses due to insect infestation 
2.4.4.1 Blowfly infestation 
Moist fish is susceptible to damage by blowflies and in 
particular by their larvae. Blowfly larvae consume the 
fish flesh, but drying the fish protects it from larval 
attack. The amount of damage caused by blowfly larvae 
depends largely on the speed of drying and whether the 
fish is salted or not (FAO, 1981). Blowfly activity is 
transitory and mainly occurs during the first two or 
three days of drying unsalted fish (McLellan, 1963; 
osuji, 1975, 1976; Esser, 1988a). The African blowflies 
do not normally infest salted fish unless poor salting 
techniques are used (McLellan, 1963; Green, 1967; Mills, 
1979; walker, 1988). However in S.E. Asia, some 
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blowflies, Chrysomya megacephala (Fab) and Lucilia 
cuprina (Wied.) have been found to reproduce and feed 
off fish with salt level as high as 35-40% (salt content 
in processed fish) (ILO, 19821 Esser et al., 1987). 
Where salt is not used and drying conditions are poor, 
blowfly larvae infestation can be heavy (FAO, 1981). 
Thus thoroughly salted fish usually suffer small losses 
due to blowfly larvae. However, although losses for 
unsalted fish may be minor during good drying 
conditions, they can be substantial during wet weather 
or in areas of high humidity (FAO, 19811 Rogers, 1988). 
Losses of unsalted fish due to blowflies in the very 
humid conditions of Bangladesh have been estimated at 
25-30% (Ahmed et al., 19781 Doe et al., 1977). Meynell 
(1978a) reported losses up to 30% of small unsalted 
fresh water fish in Malawi during wet season, due to 
blowfly larvae infestation. Losses of up to 15% have 
been reported in fish with 20-35% (dwb) salt content 
during 5 days drying in S.E. Asia (Esser et al., 1985). 
2.4.4.2 Beetle 'infestation 
Dermestid beetle are the most important cause of 
infestation during storage, although minor pests such as 
Necrobia rUfipes (Degeer) and mites have been identified 
(FAO, 1981). 
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The level of losses due to Dermestes infestation has a 
direct relationship to the length of storage of fish 
(FAO, 1981; walker, 1985). Meynell (1978) reported that 
infestation was a minor problem in Malawi, since most of 
the dried fish were consumed within two to three weeks 
of processing. Long storage periods give insects more 
time to breed and consume the fish (FAO, 1981). The 
dermestid beetle larvae burrow into the fish flesh in 
search of pupation sites and reduce the flesh· to dust 
like particles composed mainly of insect excrement 
(Osuji, 1975a). 
The most commonly encountered species in traditionally 
cured fish are Dermestes frischii (Kugelann), Dermestes 
maculatus (Degeer), Dermestes carnivorus (Degeer) and 
Dermestes aster (Degeer (Table 10). D. Frischii is an 
important pest of marine fish 
while D. maculatus is associated 
(proctor, 1972). 
species (Green, 1967), 
with fresh-water fish 
Losses up to 50% by weight due to Dermestes spp. attack 
on unsalted dried fish, stored for several months have 
been estimated (FAO, 1981). Although Dermestes spp. may 
attack salted fish over long period of storage 
(especially Kench-cured fish), the losses are much lower 
than that of unsalted fish (FAO, 1981). 
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Table 10: Beetles (Coleoptera) which cause Postharvest 
Infestation of Cured Fish in the Tropics 
Family/Species Country Source 
DERMESTIDAE 
D. maculatus Bangladesh Ahmed et al. (1978) 
Kenya McLellan (1964) 
Kenya Golob et al. (1987) 
Zambia Proctor (1972) 
Indonesia Esser (1988a) 
Indonesia Indriati et al. (1985) 
Nigeria Osuji (1973) 
Nigeria Toye (1970) 
Thailand Esser (1988b) 
D. ater zambia Proctor (1972) 
PDR Yemen Green (1967) 
Thailand Esser (1988b) 
D. frischii PDR Yemen Green (1967) 
Thailand Esser (1988b) 
D. carnivorus Indonesia Indriati et al. (1985) 
Thailand Esser (1988b) 
CLERIDAE 
N. rufi]2es Kenya Golob et al. (1987) 
Indonesia Indriati et al. (1985) 
Nigeria Osuji (1973) 
Adapted from Okumu, 1989 
------------------------------------------------------------------------
2.4.5 
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Smoke does not appear to give any significant protection 
to dried fish against Dermestes spp. Therefore unsalted 
smoked fish are also highly susceptible to the beetle 
attack (FAO, 1981). Levels of losses depend on 
processing methods used and resultant moisture contents 
(FAO, 1981). Osuji (1973), showed that smoked fish with 
a moisture content of below 10% generally showed little 
or no infestation, but moisture contents between 13 and 
16% were very conducive to beetle infestation. 
Losses due to fragmentation 
Hot smoked fish appear to suffer serious losses due to 
fragmentation, even when not subject to other forms of 
attack (FAO, 1981). This is probably due to excessive 
temperatures, during the process, which 
the texture of the fish (FAO, 1981). 
texture may also occur due to 
cause damage to 
Damage to the 
spoilage before 
processing, subsequent mould and bacterial growth and 
insect infestation. All these factors increase the 
tendency for dried products to fragment (FAO, 1981). 
weight losses of 25 and 56% (depending on the fish 
species) due to fragmentation have been reported by 
Mills (1979) during distribution of hot-smoked, unsalted 
fish from Lake Chad to Southern Nigeria. In similar 
studies, Moes (1980) also estimated that losses of 35% 
- .34 -
due fragmentation appeared typical during commercial 
distribution of hot smoked fish. Fragmentation causes 
loss in value since a higher price is usually obtained 
for intact pieces (Moe, 1980). 
Cured fish products prepared from poor quality raw 
material are more liable to fragmentation than products 
from a good quality raw material (Watanabe and Cabrita, 
1971). The same authors also indicated that large oily 
fish were more susceptible to fragmentation if hot 
smoked than lean fish. 
2.4.6 Losses in nutritional value 
2.4.6.1 Protein damage 
Salting and drying, appear to preserve much of the 
original nutritional value of fresh fish (Cutting, 1962; 
Aitken et al., 1967). However, excessive heat treatment 
is known to impair the nutritional value of fish 
proteins due to a variety of chemical reactions (Tarr, 
1962; Aitken and Connell, 1979). Appreciable protein 
damage may occur in traditionally smoked fish due to 
charring as a result of uncontrolled nature of the 
process (Clucas, 1976). Hoffman ~e~t __ -=a~l~. (1977) 
demonstrated that hot smoked Tilapia nilotica bought in 
Uganda, and Sardinella aurita from Ghana suffered a loss 
of lysine availability, but there is no evidence that 
typical sun-drying temperatures (upto 50 0 C) cause any 
appreciable 
the process 
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loss in nutritional value of protein during 
(FAO, 1981). However, dried fish may 
undergo non-enzymic browning reactions, involving either 
lipid oxidation products (Karel, 1973a) and/or reducing 
sugars (Jones, 1962) which can decrease the nutritional 
value of proteins by reacting with essential amino acids 
(Hall, 1987). 
2.4.6.2 Lipid oxidation 
Due to the high content of polyunsaturated fatty acids, 
fish lipids are very susceptible to oxidation by 
atmospheric oxygen (Melton, 1983; Bligh et al. 1988). 
This' may lead to rancid flavours (Tsuchiya, 1961) which 
may decrease the acceptability of the product (FAO, 
1981). However, rancid fish is not necessarily 
unacceptable (Waterman, 1976) but rather is regarded as 
normal characteristic flavour of the cured flavour in 
some countries (Watanabe and Dzekedzeke, 1970; Watanabe 
and Choongo, 1971). 
The chemical reactions leading to rancid products are 
complex and result into formation of unstable, volatile 
compounds. Despite the antioxidant effect of phenolic 
compounds (Simpson, 1965), smoked fish also deteriorates 
in quality during storage (Woolfe, 1975). The changes 
in odour, flavour and texture may be due to lipid 
oxidation (Labuza, 1971; Melton, 1983; Kahl et al. 
1988). 
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The nutritional value of oxidised fish fat is lower than 
that of oxidised fat in the natural form (FAO, 1981). 
Vitamin A and E are believed to be destroyed by lipid 
peroxides (Olcott, 1962), intermediate product of 
oxidation. There is also some evidence that some 
compounds formed by oxidising lipids are toxic (Toyoma 
and Kaneda, 1962; Sanders, 1987), although no evidence 
of toxicological problems were found when rancid cured 
fish were fed to rats (Arai and Kinumaki, 1980). 
2.4.6.3 Carcinogenic components of wood smoke 
The composition 
Cutting (1965). 
of wood smoke has been reviewed by 
woodsmoke contains a wide range of 
chemical compounds, and some of these have been reported 
to be toxic or carcinogenic (Cutting, 1965; Gilbert and 
Knowles, 1975). Banwart (1979) reported that several 
chemicals found in wood smoke or on smoked foods would 
not normally be allowed as food additives. There is no 
evidence so far that the levels of these chemicals 
ingested when 
toxicological 
eating smoked 
risk (FAO, 1981). 
fish constitute a 
However, no work 
appears to have been done on the situation in tropical 
countries (FAO, 1981) and therefore the impact of these 
chemicals on nutritional 
although at present it 
problem (FAO, 1981). 
value 
would 
of fish is not known, 
appear to be a minor 
- 37 -
2.5 Prevention of post-harvest spoilage and losses of fish 
2.5.1 
Since fish are an important animal protein in the diet 
of many people in the tropics, it is important to try to 
reduce wastage and losses to the minimum possible levels 
(ILO, 1982). Traditional methods have evolved over 
hundreds of years and therefore any improved fish 
processing techniques must be introduced with care 
(UNIFEM, 1988). Economics should be carefully 
considered because, while a piece of equipment which has 
good returns may appear cheap to outsiders, it may be 
beyond the processors reach due to the scarcity of 
capital (UNlFEM, 1988). 
Prevention of losses before processing 
A great deal of spoilage may occur even before the fish 
is processed, due to bacterial and chemical changes 
which proceed rapidly at tropical temperatures 
o (25-30 C). The lower the temperature, the slower the 
spoilage (ILO, 1982). Consequently fish should be kept 
as cool as possible immediately after catching until 
processing starts. Chilling fish with ice prolongs the 
shelf life and chilled fish can keep upto 3 weeks 
depending on species (lLD, 1982). However, in many 
landing areas, ice may not be easily available and 
alternatively fish can be kept cool by: 
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(a) keeping fish in the shade, out of direct sunlight. 
(b) placing a damp sack over the fish to reduce the 
temperature as water evaporates. The sacking must 
be kept wet and the fish should be well ventilated. 
(c) mixing the fish with wet grass or water weeds in an 
open sided box, in order for the water to evaporate 
and cool the fish. The fish should be kept 
continuously wet (ILO, 1982; UNIFEM, 1988). 
Careful handling in order to avoid bruises and cuts on 
the skin of the fish is important in preventing 
penetration of bacteria into exposed areas of flesh. 
Also, gutting the fish prevents digestive enzyme 
activity which causes autolysis (Eddie, 1983). 
Prevention of losses by drying 
During drying, water is removed from the fish. Micro-
organisms have an absolute requirement for water in 
order to grow, although levels needed vary depending on 
the organism (FAO, 1981). 
When 
(and 
and 
0.65 
FAO, 
the water content of unsalted fish falls below 25% 
0.91 Aw) of the wet weight, bacterial action stops 
further reduction of water content below 15% (and 
Aw) stops mould growth (Fig. 1) (Waterman, 1976; 
1981). When salt is added to the fish before 
drying, less water needs to be removed to achieve the 
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same effect (Waterman, 1976). Therefore a product with 
a water content of 35-45% depending on the amount of 
salt present is often dry enough to inhibit the growth 
of mould and bacteria under most climatic conditions 
(Waterman, 1976). 
2.5.2.1 water activity. (AW) 
In recent years, it has been shown that water activity 
which is a measure of free available water in food is a 
more accurate guide to shelf life than water content 
(Waterman, 1976). 
The Aw is a measure of the water available in a system 
for biochemical and chemical reactions. The Aw is 
related to the equilibrium relative humidity (erh) as 
follows: 
Aw - erh 
100 
If the rh of the surrounding air rises above the erh of 
the fish, the surface will tend to absorb moisture and 
conversely a lower surrounding rh will lead to a loss of 
moisture from the fish (FAO, 1981). 
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For ideal solution the Aw is defined as: 
Aw = = P 
where nl = moles of solvent 
n2 - moles of solute 
P = vapour pressure of solution 
Po - vapour pressure of solvent (water) 
For cured fish, drying the fish lowers n1 (and P) by 
removing solvent molecules and therefore reduces the Aw. 
The addition of salt will increase n2 (and lowers P) and 
therefore reduces Aw. It is the net effect of these 
factors that preserve the fish (FAO, 1981). 
2.5.2.2 Moisture sorption isotherms 
One of the most successful methods for studying 
properties of water in food systems involves preparation 
of. sorption isotherms, i.e. curves relating the water 
activity of the food to its water content at constant 
temperature (Labuza, 1968). 
When equilibrium exists between the moisture content of 
a food and the relative humidity of its environment, Aw 
is directly related to the moisture content as expressed 
in the moisture isotherm (Labuza, 1984) • This 
relationship depends on the chemical and physical 
- 42 -
properties 
and nature 
of the food solutes, temperature, the amount 
of the soluble materials present, and 
sometimes on whether equilibrium was established by 
adsorption or desorption (Brockmann, 1969). 
An adsorption isotherm is made by placing a completely 
dry material into 
relative humidity 
various atmospheres of increasingly 
(water activity) and measuring the 
weight gain due to water (Labuza, 1968). The desorption 
isotherm is found by placing the initially wet material 
under the the same relative humidities, but in this case 
measuring the loss in weight (Labuza, 1968). 
Procedures for obtaining moisture isotherms in foods 
have been described in detail by many authors (Taylor, 
1961; 
1975; 
stitt, 1958; Karel and Nickerson, 1964; 
Toledo, 1973). The food material is 
Labuza, 
placed in 
vacuum desiccators containing saturated salt solutions 
with known equilibrium relative humidity (erh = AW), 
until equilibrium is reached. The moisture contents of 
the samples are then determined and plotted against the 
various water activities. Figure 2 shows a generalised 
isotherm of atypical food material. 
---------,--------------------------
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Fig. 2: A general sorption isotherm 
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Source: Labuza, 1968 
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The moisture isotherm is useful in showing at what water 
contents certain desirable or undesirable levels of 
water activity are achieved 
1978). Karel (1975) stated 
( Troller 
that the 
and Christian, 
knowledge of 
sorption behaviour in foods is important: 
(a) in the design of process such as dehydration and 
concentration. This is because it would help to 
foretell the ease or difficulty of water removal 
from the food material, which depends on the 
partial pressure of water over the food and on the 
energy of binding of the water in the food. 
(b) as water activity affects food stability. 
Therefore a suitable level must be achieved at the 
conclusion of drying and also maintained during 
storage. 
Typical isotherms of most foods are s-shaped (Karel, 
1975). The isotherm can be divided into several regions 
(A, B and C) (Fig. 3) in which different types of water 
binding may predominate (Labuza, 1968; Troller and 
Christian, 1978). 
Region A corresponds to adsorption of a monomolecular 
film of water (monolayer) (Labuza, 1968). As water is 
added to a dry food material, molecules are adsorbed 
onto appropriate sites until all are occupied (Troller 
and Christian, 1978). It is near the point of monolayer 
completion that given changes in water content have the 
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Fig. 3: A generalized water sorption isotherm of a typical food 
material showing region A, Band C 
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most marked influence upon Aw. 
is very stable, behaving as 
The water of monolayer 
part of the solid and 
believed to be non-freezable at any temperature 
(Duckworth, 1974; Van den Berg and Bruin, 1981). The 
monolayer value seems to be the most stable water 
content for most foods (Labuza, 1968). Lipid oxidation 
increases significantly below monolayer value (Maloney 
et al., 1966). The BET (Brunaeur-Emeh-Teller) equation, 
based on BET theory (Chirife, et al., 1986) is useful in 
estimating the monolayer value. BET monolayer can be 
considered as equivalent to the amount of water held 
adsorbed 
give a 
on specific sites. This can therefore 
correct guide to mobility of small 
help 
food 
molecules, in many food systems, which are apparent at 
BET monolayer (Karel, 1973). The BET monolayer 
correlates with the total number of polar groups binding 
water. 
The BET equation is given by: 
Aw/1(-Aw)m = 1/m1 C + (C+1) Aw/m1 C 
Where: A = water activity 
m = water content (gram water per gram solids) 
m1 = monolayer value 
C = constant 
- "7-
Region B corresponds to adsorption of additional layers 
over monolayer (Labuza, 1968). The water in this region 
is less firmly bound than in region 
adsorption occurs, and the solution 
components, modified by the insoluble 
become important (Troller and Christian, 
A. Multilayer 
of soluble 
solids present 
1978) • Rates 
of non-enzymic browning increases above monolayer value 
(Fig. 4) in this region (Sharp, 1962; Labuza, 1968). 
Region 
of the 
C corresponds to condensation of water in pores 
food material followed by dissolution of the 
soluble material present (Labuza, 1968). water in this 
region is termed "free" because although mechanically 
trapped in the food system is ,subjected to only weak 
restrictive forces and can evaporate freely as pure 
water (Tro1ler and Christian, 1978). Acker (1963) has 
shown that once Aw reaches the value where water can 
condense (i.e. beginning of region C), enzymic reactions, 
can occur which will cause food spoilage. In addition, 
there are certain critical water activities below which 
one must stay in order to prevent deterioration by 
moulds, yeasts and bacteria (Figs. 1 and 4). 
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2.5.2.3 Drying methods 
(i) Shade drying-
Case hardening (described in section 2.2.3), can be 
minimised by drying the fish in the shade during the 
initial drying. Thereafter the fish can be exposed to 
higher temperatures, when water is being removed from 
the interior. This may reduce drying time which in turn 
would reduce spoilage (UNIFEM, 1988). 
(ii) Drying racks 
Drying fish on the ground on mats has the disadvantages 
of relatively slow drying, as well as increased 
contamination (UNIFEM, 1988). Raised drying racks offer 
substantial improvements by: 
(a) exposing more surface area of fish to air currents 
and temperatures. 
(b) providing an easier way of protecting the fish from 
rain by covering with water proof material, e.g. 
polythene sheets. 
(c) providing easy drainage of water from the fish 
especially if the racks are sloping (UNIFEM, 1988). 
The same advantages apply to drying ropes and poles 
where fish are hung or draped upon ropes. The 
constraint to the introduction of drying racks may be 
(ii i) 
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the additional cost of constructing the racks which may 
not be realised in terms of processing time saved or 
increased prices of improved product (UNIFEM, 1988). 
Solar drying 
Much interest has been shown in recent years on 
development of solar driers as an improved method of 
drying fish in developing countries. Solar driers can 
increase drying rates and produce well-dried products in 
about 
(Trim 
65% of the time 
and Curran, 
required for natural sun 
1983) due to regular 
drying 
drying 
temperatures and reduced humidities. The resultant 
dried product is usually of superior quality compared to 
that produced by a simple traditional drying method 
(FAO, 1981; UNIFEM, 1988). Solar drying also offers 
protection against blowflies and beetles. The insect 
pests would be killed by temperatures in excess of 450 C 
obtained inside solar driers (ILO, 1982; UNIFEM, 1988). 
It has also been reported (ILO, 1982) that the solar 
tent drier temperatures (450 C) have been found to 
disinfest sun dried fish already infested with blowfly 
larvae. 
- !OO -
The solar driers evaluated in the field include: 
-
solar tent drier (Figure 5) 
- solar cabinet driers 
-
solar dome driers 
- solar drier with separate collector and drying chamber 
(FAO, 1981; ILO, 1982; UNIFEM, 1988) • 
There is no evidence that these driers are used by 
artisanal fish processors, probably due to the large 
capital investment involved (UNIFEM, 1988). 
While some researchers have had success in controlling 
blowfly infestation in fish using solar driers, others 
have found that insects become trapped inside, and 
increasing the temperature inside the drier sufficient 
to kill blowflies tended to reduce the product quality 
(Curran et al., 1985; UNIFEM, 1988). Thus effectiveness 
of solar driers· in reducing losses due to blowfly 
infestation is controversial (UNIFEM, 1988). 
Solar drying relies on natural convection and therefore 
no fuel cost is incurred (UNIFEM, 1988). However the 
initial costs of construction materials, replacement 
costs when they wear out and the fairly low capacity of 
most of these driers, may make them unattractive to 
artisans (UNIFEM, 1988). The majority of designs 
- 5.1 -
Fig. 5: Schematic drawing of polythene tent drier 
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available, may achieve temperatures that are too high, 
resulting in high initial drying rates, which may cause 
fragmentation,· case hardening or cooking effect, which 
generally reduce product quality (UNIFEM, 1988). 
Further development work is necessary, before the method 
can be widely recommended for commercial use (FAO, 1981; 
ILO, 1982; UNIFEM, 1988). 
(iv) Artificial driers 
Due to problems faced by traditional processors when 
drying fish during the rainy season, various types of 
artificial driers fuelled by agro-wastes, e.g. rice 
husks have been tested (UNIFEM, 1988) •. Such driers have 
the potential of affording more control over temperature 
and air flow during drying process (UNIFEM, 1988). 
However, the high capital and maintenance costs of these 
driers compared with traditional techniques and the 
additional training requirements for their operation may 
make them unsuitable for general use with small scale 
processors (UNIFEM, 1988). 
Much laboratory research has been carried out to test 
these driers (Sison et al., 1983; Villasden and Flores, 
1983; Orejana and Embuscado, 1983; Jeon et al., 1986; 
Roberts, 1986), but their use has not been tested 
2.5.3 
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thoroughly in the field (UNIFEM, 1988). Therefore their 
advantages and disadvantages for use by small scale 
processors is not clear (UNIFEM, 1988). 
Prevention of losses by salting 
Although salting has long been used traditionally for 
preservation, usually the amounts of salt to fish are 
too low to ensure preservation. This could be due to 
costs of salt in some areas or lack of adequate 
knowledge in salting techniques (UNIFEM, 1988). 
When correct amounts of salt are used, preservation of 
fish become effective. Recommended levels of salt usage 
are 30-40% of the prepared weight of fish (UNIFEM, 
1988). The use of more salt will not improve the 
product, but will add to the production costs. 
Some blowflies, e.g. Chrysomya megacephala are able to 
develop salt tolerance. For example, in West Java, 
blowflies reproduce and feed off fish in a pickling 
solution of high salt concentration (UNIFEM, 1988; 
Esser, 1988a). Salt level as high as 40% ( salt 
concentration in processed fish) may be needed to 
inhibit blowflies in such areas (UNIFEM, 1988). This 
may produce an unacceptably salty product. Salted 
products in some parts of Africa are unacceptable. 
watanabe (1985) recommended a cured fish product of 
10-15% salt content in inland Africa. He felt this 
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would strike a balance between consumer acceptability 
and insect infestation. watanabe and Dzekedzeke (1971) 
demonstrated that relatively lightly salted smoked fish 
(8-9% salt in the final product) was acceptable in 
zambia. The increased use of salting may be slow until 
salted products become familiar in some countries (FAO, 
1981). 
Although the use of salt in South East Asia is a common 
practice, the beetle infestation has continued to be a 
serious problem (Esser, 1988b). The beetles have been 
found to tolerate higher salt levels than similar 
species in Africa, probably as a result of evolution of 
strains resistant to salt (Table 11). 
Traditional 
wet salted 
problems. 
curers seem aware that fatty fish are best 
(Cole, 1963) probably due to rancidity 
Pickle curing is ideal for oily fish such as 
herrings, sardines, anchovies and mackerel, especially 
if the fluids cover the fish quickly to help inhibit 
rancidity by excluding air. 
When brining, a saturated solution should be used to 
ensure that salting is as rapid as possible and also 
uniform. When fish are added to the brine, there is an 
exchange of salt from the brine to the fish and water 
from ·the fish to the brine, so diluting the strength of 
the brine (UNIFEM, 1988). When brining it is therefore 
necessary to check the strength of the brine 
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Table 11: Critical salt levels for the reduction of infestation of cured 
fish by Dermestid and Clerid beetles 
Family/Species 
DERMESTID!\E 
D. Maculatus 
D. frischii 
D. ater 
D. camivorus 
N. rufipes 
Country 
Nigeria 
USA* 
UK* 
Thailand 
UK* 
UK* 
Thailand 
Thailand 
Thailand 
Nigeria 
% Salt 
9-10 
13 
9-10 
20-29 
14-25 
9-15 
20-29 
20-29 
20-29 
9-10 
*Laboratory trials under tropical conditions 
Adapted from Okumu,1989 
Source 
Osuji (1975c) 
Mushi & Chiang (1974) 
wood et al. (1987) 
Esser (l988a) 
Amos (1968) 
wood et al. (1987) 
Esser (1988a) 
Esser (1988a) 
Esser. (1988a) 
Osuji (1975b) 
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periodically. In 
saturated brine is 
practice a simple 
by hanging a sack 
way of ensuring 
of salt in the 
brine solution. Brining allows a more uniform cure and 
by varying the concentration of the brine and the period 
of immersion, it would be possible to control 
concentration in the final product (UNIFEM, 1988). 
Parry (1986) described an experimental processes 
involving combination of brining and pressing which 
appears to have a good potential. The fish are 
beheaded, eviscerated and washed before they are left in 
a saturated brine solution 
container. The rapid uptake 
in a closely covered 
of salt by fish prevents 
microbial spoilage. Once the flesh of fish is saturated 
with salt (after about 6 days), the fish are packed in 
layers 
excess 
in a slatted 
moisture and 
wooden box and pressed to remove 
air spaces between fish which 
This method is experimental and discourages rancidity. 
has only been used with small pelagic species such as 
sardines (UNIFEM, 1988). 
The storage life of dry salted small pelagic fish (30% 
wet weight) in Peru is 2-3 months (Bostock et al., 
19B6). Table 12 gives a rough estimate of good quality 
storage life of dried salted fish. 
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Table 12: Rough guide to the good gyality storage life of dried 
fish with different water and salt contents 
.. 
water content salt content Minimum "good quality" 
( % ) ( % ) wet wt.) storage life 
40 5 ~ week 
40 10 1 week 
40 15 3 weeks 
40 20 1~ months 
35 .. 5 ~ week 
35 10 2 weeks 
35 H 2 months 
35 20 1~ months 
30 . 5 ~ week 
30 10 1~ months 
36 15 2 months 
30 20 2 months 
25 5 1 week 
25 10 2~ months 
25 15 2 months 
25 20 2 months 
20 5 3 weeks 
20 10 4 months 
20 15 4 months 
20 20 3~ months 
15 5 More than 1 year 
15 10 More than 1 year 
15 15 More than 1 year 
15 20 More than 1 year 
Source: Poulter, 1980a 
2.5.4 
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Prevention of losses by improved smoking 
The major problems of traditional smoking techniques 
have been described in section 2.2.4. 
In order to improve smoking techniques, some control 
must be exercised over temperature, air flow and smoke 
density. Traditional open type ovens produce 
non-uniform smoked products because of fluctuating 
factors. In development of improved smoking ovens, 
several aspects need to be considered, including 
increased fuel efficiency, increased control over the 
smoking p,rOCEiss to produce a more standardised product 
(UNIFEM, 1988) and controlled temperatures to prevent 
excessive textural and nutrition damage to the fish 
(FAO, 1981). Enclosed fire-boxes with adjustable 
ventilation holes are more fuel-efficient and 
controllable, than open pit type kilns. 
need not be technically complicated. 
Improved kilns 
A number of 
modified and improved smoking kilns are available and 
being used in some areas (FAO, 1981; UNIFEM, 1988). 
The Altona type (Fig. 6) has demonstrated marked 
improvements compared with traditional fire pit and 
table kilns found in Uganda (FAO, 1981). The processing 
times were reduced from 3 to 1-2 days and the final 
moisture contents of the products were reduced. The 
improved kiln was OVer 7 times more fuel-efficient than 
traditional designs (FAO, 1981). The kiln has an 
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Fig. 6: Simple version of Altona-type oven 
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capacity and better control 
volume. However, the 
over temperature 
construction and 
operation costs of Altona ovens compared to traditional 
ones make them unattractive to the processors. 
The Chorkor oven, (Fig. 7) has proved very popular with 
local women processors, since its introduction to West 
Africa as it produces a better quality product. The 
Chorkor smoker was originally developed in 1969/71 by 
the women of Chorkor, Ghana and FAO in co-operation with 
the Food Research Institute, Accra (UNIFEM, 1988). It 
has now been introduced to other countries in West 
Africa. The Chorkor oven has a low capital cost and has 
advantage over the traditional ovens due to its low fuel 
wood consumption and improved heat retention leading to 
a better quality product. It also has a higher smoking 
capacity and less labour time than most traditional 
ovens (UNIFEM, 1988). The smoked product from Chorkor 
ovens is evenly smoked and not so brittle as to cause 
fragmentation. 
Periodic re-smoking' of fish, which has been previously 
smoked, may be used to re-dry the fish (FAO, 1981). 
Osuji (1973) found that in the Kainji Lake area of 
Nigeria, smoked fish were kept in a chamber over a 
smoking kiln, so that it was continuously re-smoked. 
FAO (1971) suggested a design of partially open box 
which would enable periodic re-smoking without having to 
Fig. 7: Chorkor oven 
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unpack and re-pack the fish. Re-smoking may be useful 
in controlling insect infestation, but there is a danger 
of heavy losses due to fragmentation (FAO, 1981). 
Prevention of losses through improved packaging and 
storage 
2.5.5.1 packaging 
Packaging is one of the major means of reducing losses 
of foodstuffs during handling, storage and distribution. 
Cured fish is distributed almost all the time in bulk 
packs. Traditional packages serve no function other 
than containment (FAO, 1981). 
packaging 
physical 
cured fish has its difficulties due to their 
nature of irregular shape. The pieces have 
sharp protrusions which may puncture packaging materials 
(FAO, 1981). 
Improved packaging may reduce losses through 
infestation, some mechanical damage, as well as 
improving hygiene and marketability of cured products 
(FAO, 1981). The most suitable method to achieve this 
is by packaging individual pieces of cured fish in 
sealed wraps or pouches (FAO, 1981). However, this 
would represent too radical a change in developing 
countries. Therefore an improved method of packaging 
which would depend on bulk packages would need to be 
developed. Rigid packages, perhaps with some internal 
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padding would be preferable to avoid breakages . during 
(FAO, 1981). The use of bales and sacks 
avoided especially for the more fragile 
marketing 
should be 
products, 
inevitable 
such as smoked 
during packaging 
fish, since 
and transit 
breakage is 
(FAO, 1981). 
Wooden and cardboard boxes with mesh lids would provide 
protection against mechanical hazards and insect 
infestation, but would offer no protection against rain 
and moisture control (FAO, 1981). Screening the fish 
during salting and for at least 2 days of drying 
appeared to prevent losses through blowfly infestation 
in Indonesia (Esser et al. 1985). 
Since no ideal solution to packaging of cured fish are 
available, improvement of present p~actices using local 
materials may be readily acceptable (FAO, 1981). 
2.5.5.2 storage 
Cured 
point 
fish are stored at processing sites and at the 
of marketing and distribution. The fish are 
stored for various reasons including waiting for a buyer 
and/or transport or the need to accumulate an economical 
load for transport. 
The storage life of cured fish will depend on the curing 
methods and packaging adopted, and may be increased if 
the following measures are adopted (ILO, 1982): 
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(a) ensuring that the fish are sufficiently dried to 
avoid attacks by moulds or certain bacteria. 
(b) using appropriate packaging and storage for 
protection against dust, insects and rodents. 
(c) avoiding excessive smoking and drying which may 
result in losses through fragmentation. 
(d) when possible processing only enough which can be 
sold easily. 
The absolute minimum storage facility should provide a 
roof to shade and keep off rain and dew from the fish. 
It should also be raised from the ground to protect the 
fish from ground water (FAO, 1981). A good store, 
however, should include other features to aid loss 
reduction. These include, rodent proofing; bird 
proofing, controllable ventilation, floors and walls 
that are free of crevices, and should be sufficiently 
large to allow orderly stacking (FAO, 1981). 
2.5.6 prevention of losses by use of insecticides 
2.5.6.1 Direct contact 
Insecticidal use should be regarded as a last resort and 
other improved processing techniques should be 
considered first. The use of insecticides has escalated 
so much in recent years that it warrants concern over 
the potential hazards of their use (UNIFEM, 1988). 
- 65 -
Beetles and blowflies are easily killed by any 
insecticides .and hence, local people tend to purchase 
any cheap insecticides even those not of food grade 
quality and use them on fish (UNIFEM, 1988; Esser et 
al., 1985). 
Due to continued use of wrong insecticides, it has 
become necessary to develop and avail insecticides that 
are safe and easy to use on fish. This would prevent 
the hazardous consequences of using non-food grade 
insecticides. 
pirimiphos-methyl is an organophosphorus compound with a 
trade name Actel1ic. It is one of the safest food grade 
insecticides, and has been approved for use on cured 
fish by WHO/FAO (UNIFEM, 1988). It is currently 
registered 
1988b) . 
excreted 
for use in Indonesia and Malawi 
The insecticide has low toxicity, is 
by mammals and cheap (Esser, 1988b; 
(Esser, 
rapidly 
UNIFEM, 
1988). pirimiphos-methyl has been found to be very 
effective in controlling insect infestation of cured 
fish in Indonesia (Esser, 1988b) and Africa (Go1ob et 
al.,1987). 
Deltamethrin 
is another 
effecti vely 
is a synthetic pyrethroid 
insecticide that has 
control insect infestation 
compound, which 
been found to 
of salted-dried 
fish during processing and storage, when applied as dips 
in low concentrations (Rattagool et al., 1988). 
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Deltamethrin is currently used for public health 
purposes and the protection of stored food products. 
Its use in protecting dried fish during storage in 
Africa has been evaluated (Duguet et al., 1985; Golob et 
al., 1987). Earlier trials in Indonesia had 
demonstrated that a similar pyrethroid insecticide, 
Alpha Cypermethrin, (trade name Fastac), was very 
effective at controlling insect infestation of cured 
fish at low concentrations (Esser et al., 1985). 
Fastac, however, has not yet been considered for use on 
fish by the FAO/WHO. 
WHO/FAO 
synergized 
(Gjerstad, 
reflects 
has also approved the use of pyrethrum 
with pip~ronyl butoxide on dried fish 
1986). The recommended rate of application 
on maximum residue level of 3 ppm of pyrethrin 
and 20 ppm of piperonyl butoxide in the fish flesh under 
consumption. Commercial synergists are chemicals which 
possess little or no insecticidal activity of their own, 
but when used with insecticides, increases the 
insecticidal effectiveness of the whole formulation 
(Gjerstad, 1986). However, the synergized pyrethroids 
are usually ineffective at concentrations that result in 
acceptable residue levels. 
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2.5.6.2 Indirect use of insecticides 
Insecticide sprays may be used in areas inhabited by 
insects pests, where dried fish are stored. This would 
form an insecticide deposit on the surface where insects 
crawl. This is best achieved in permanent storage sheds 
(FAO, 1981). There is a possibility of the stored fish 
picking up chemical residues from these surfaces and 
therefore only food grade insecticide sprays may be 
used. Pirimiphos-methyl and Chlorpyrifos-methyl would 
be acceptable (FAO, 1981). 
Treatment of packaging materials used for cured fish 
with insecticides would assist in the control of pests. 
This can be achieved by 
the manufacture during 
spraying 
1981) • 
them with the 
2.5.6.3 Fumigation of Cured fish 
incorporating some insecticide 
of packaging material or by 
insecticide prior to use (FAO, 
Insect'infestation may be eradicated by fumigation (i.e. 
exposing fish to a toxic gas). Fumigation does not 
protect the fish from re-infestation. Two fumigants in 
general use are methyl bromide and phosphine (FAO, 
1981). Fumigation would be more useful in collecting 
2.5.7 
-ffi-
centres where stocks are accumulated for transportation. 
Since fumigant protection is short term, rapid 
re-infestation is possible and therefore the product 
should be protected by keeping in clean stores (FAO, 
1981). 
summary 
Table 13 summarises the possible counter measures for 
reducing losses of fish, before, during and after 
processing. 
2.6 Nile perch (Lates ni1oticus-Linne) 
Fish of genus Lates belongs to the family centropomidae 
Lates 
found 
niloticus (Plate 1) is a large freshwater fish 
in many inland freshwater fisheries throughout 
Africa (INFOFISH, 1986). It is found in lacustine and 
riverine environments and occurs in all major river 
basins in Africa, including the Nile, Niger, Chad, 
Senegal and Volta. Nile perch grows very rapidly where 
food is abundant and can weight as much as 250 kg. Nile 
perch of between 50 and 100 kg are common in landings 
(Cole, 1984). 
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Table 13: Summary of loss-~educing countermeasures: possible and suggested 
techniques to counter specific causes of losses 
(a) Spoilage during wet weather 
(b) Halophilic bacteria and moulds 
(c) Blowfly infestation 
(d) Beetle infestation 
(e) Fragmentation 
(f) Birds, rodents and domestic 
animals 
Source: FAO, 1981 
Use of weatherproof smoking kilns. Heavy 
salting and holding in a covered area to 
preserve fish until sun drying is 
possible. Supplementary drying. 
Improved salt quality and salting 
technique. Adequate drying. Microbial 
inhibitors. Moisture-proof packaging. 
Use of salt and improved salting 
technqiue. Adequate drying of products. 
Improved drying, e.g. raised racks, solar 
driers. Use of insecticides. Use of fly 
screens. 
Use of salt and improved salting 
technique. Very thorough drying. Use of 
raised drying racks. Disinfestation by 
.ftnnigation, or elevated temperature 
treatment (resmoking, solar drying), or 
irradiation. Improved packaging. Improved 
. storage facilities. Use of insecticides. 
Reduction of storage time. 
Improved smoking techniques. Possible use 
·of salt. Better packaging and handling 
practices. Prevention of insect 
infestation and microbial attack. 
Use of nets, fences, raised drying racks. 
Better storage facilities. 
plate 1: Nile Perch (Lates niloticus) 
Approx. 3 . 5 kg (weight) and 54 cm (length) 
plate 2 : Fishing canoes used in Lake Victoria, Kenya 
• 
2.6.1 
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Lates ni10ticus is the only Lates species found in Lake 
Victoria although two endemic species L. 10ngispinus and 
L. ni10ticus are found in Lake Turkana. L. 10ngispinus 
occurs off shore line while L. ni10ticus is found 
inshore (Ogari, 1984). 
Breeding habits of Nile perch 
Knowledge of the breeding biology of fish stocks is 
vital to their successful management and exploitation. 
This would include spawning periods, spawning grounds 
and sex-ratio of breeding stock. Nile perch breeds 
throughout the year in Lake victoria, although it 
exhibits two spawning peaks, one in June-July and 
another in December. The spawning peaks correspond with 
the rainy seasons (Ogari, 1984). 
Spawning of L. ni10ticus appear to occur in shallow 
inshore areas (HopSOn, 1972; Coulter, 1976; Ogari, 
1984). Lates species are reported to have high 
fecundity, ranging from 3-15 million eggs (Okedi, 1970; 
Ogari, 1984), increasing with the size of the female. 
Soon after spawning the fertilised eggs become pe1agic 
and incubation takes place in the pe1agic zone, with no 
parental care (Ogari, 1984). 
2.6.2 
Male Lates niloticus are much 
compared to females (Ogari, 1985). 
smaller at maturity 
This would probably 
explain 
length 
females 
1985). 
why there are more males up to 80 cm standard 
compared to females. However, there are more 
with standard lengths of 90 cm and over (Ogari, 
Female domination over males in larger fish is 
attributed to the higher post-spawning mortality in 
males compared to females (Ogari, 1985). 
Food and feeding habits of Nile perch 
The Nile perch is a voracious predator. In Lake 
victoria the· adult perch feed heavily on available 
haplochromine cichlids (Cole, 1984). Juvenile Nile 
perch appear to feed mainly on zooplankton (Ogari, 
1984). In the absence of other food, the young Nile 
perch and possibly the older ones utilise the Shrimp, 
Carina nilotica, as a major food source. Feeding habits 
of Nile Perch change as larger fish become increasingly 
piscivorous (Ogari, 1984). As other food sources 
disappear, medium size Nile perch tend increasingly to 
autopredation (Cole, 1984). 
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2.6.3 Chemical composition of Nile perch 
2.6.3.1 Moisture 
Fish flesh normally has between 66-84% moisture content 
(Jacquot, 1961) and on average flesh of a fatty fish 
contains 70% moisture (Murray and Burt, 1969). Small 
fis'h often have a higher water content than 1argli! ones 
(Thurston et al., 1959). 
In Kenya, the moisture content of whole Nile perch was 
found to be between 72.4 - 74.3% for fatty samples and 
between 78.9 - 82.8% for lean samples (Bon, 1987). In 
Uganda different sizes of Nile perch fillets (0.6-15 kg) 
gave a range of 61.0-75.6% (Ssali, 1988). In general, 
an inverse relationship between moisture content and 
lipid contents is observed (Stansby, 1962; Kukutz, 1961; 
Murray and Burt, 1969; Love, 1970; Ssali, 1988). 
2.6.3.2 Protein 
Protein content of Nile perch fillets was found to be 
between 16.0-19.9% (Ssali, 1988). There is usually an 
inverse relationship between protein and lipid content 
(Geiger and Borgstrom, 1962; Murray and Burt, 1969; 
Love, 1970; Ssali, 1988). 
2.6.3.3 
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Lipid content 
Nile perch is a fatty f·ish (Cole, 1984; Mlay, 1985; 
Payne, 1987; Karnicki, 1987). Ban (1987) reported the 
lipid content of Nile perch to be between 4.4-9.6% for 
fatty fish and 0.6% for lean fish, using Bligh and Dyer 
method. The lipid content of Nile perch fillets of 
various sizes (0.6-15 kg) analysed by Ssali (1988) using 
soxhlet extraction method was found to be between 
4.1-21.5%. The variations in lipid content are 
attributed to such factors as geographical area in which 
fish are caught, food availability, age, sex and size. 
(Ssali, 1988). Werimo (1988) working with Nile perch 
caught from Kenyan waters of Lake Victoria found lipid 
content varied with size, i.e. the larger the fish; the 
higher the lipid content. 
2.6.3.4 Fat soluble vitamins 
These include vitamins A, 0, E and K (Niekerk, 1982). 
Fish oils contain high levels of vitamin A and 0, found 
mainly in fish livers (Cruickshank, 1962). vitamin A 
deficiency, especially in children, can cause blindness. 
Deficiency of vitamin A is the most common cause of 
blindness among children in many tropical countries 
(Lowenstein, 1983; McKenzie, 1985). The highest vitamin 
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A concentrations in Nile perch are found in livers being in 
the region of 1,000,000 +,.)1g retinol equivalents/lOO g oil 
(Kizza, 1989) and belly . fat 2,000 + retinol 
equivalents/lOO g oil (Pepping, et al., 1988; Kizza, 1989). 
2.6.3.5 Ash content 
The ash content of Nile perch fillets was found to be 
between 0.8-1.2% (Ssa1i, 1988). Freshwater fish were 
found to contain between 0.9-1.3% ash (Thurston, et al., 
1959) • The ash residue consists of minerals 
representing 1-2% of the total fish weight (Murray and 
Burt, 1969). The minerals include iron, phosphorus, 
calcium, .potassium, sodium, sulphur, zinc (Causeret, 
1962) • 
2.7 Lake victoria 
Lake victoria is the second largest Lake in the world 
with a surface area of 68,000 square kilometres and a 
shore line length of 3,440 kilometres. It has an 
average depth of 40 metres with a maximum depth of 70 
metres (Co1e, 1984; Payne, 1987; straus, 1990). 
Bordered by Kenya, uganda and Tanzania, Lake victoria is 
now the largest source of Nile Perch in the world 
(INFOFISH, 1986). The Kenyan section of the lake is 
only some 4,100 ' square kilometres (about ,,) of the 
total square area (Reyno1ds and Grebova1, 1988) (Map 1). 
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Map 1: Lake Victoria 
A1bert 
/ 
• 
UGANDA / . 
/ 
• 
Owen Falls .r" KENYA 
( 
_. _0.-1===,-,.,",_. __ ----
Lake Victoria 
TANZANIA 
lOOl<m 
2.7.1 
- 77-
Fish production from Kenya's section of Lake Victoria 
Lake victoria accounted for 
national production of fish in 
lakes production was Nile perch 
1988) • 
87% of Kenya's total 
1987, and 60% of the 
(Kenya Fisheries Dept. 
The fishery of Lake Victoria originally depended upon 
endemic species such as Oreochromis variabilis 
(Boulenger) (- Tilapia variabais), O. esculentus 
(Graham), Bagrus, Clarias, Rastroneobola (= 
Englauricypris), Protopterus, Mormyrus, Synondontis, 
Labeo Schilbe, Alestes and Barbus (Reynolds and 
Greboval, 1988; Ogutu-Ohwayo, 1987.1. 
Table 14 provides some indication of how 
victoria fishery has changed in recent years 
rapid upsurge in catches of Nile perch 
the Lake 
with the 
and the 
remarkable growth of the Rastroneobola argentea fishery. 
Some other species, especially Haplochromis stocks have 
been shown to decline over the same period (Reynolds and 
Greboval, 1988). o. niloticus, an exotic fish 
introduced into the lake in the 1950's, has thrived very 
well and shown some increase in the past few years 
(Reynolds and Greboval, 1988; Ogutu-Ohwayo, 1987). o. 
niloticus seems to have a wider food spectrum, is more 
fecund, grows to a larger size, has a faster growth rate 
and a longer life· span than the native tilapiines of 
Lake Victoria (Fryer and Iles, 1972). 
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Table 14: Kenya - Lake "Victoria waters, annual catches (m.t.) by species 
1974 - 1985 
Species 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 
o. esculentus 57 28 49 42 180 94 90 139 399 108 99 42 
o. niloticus 411 202 421 465 972 962 1184 1858 2581 2516 6136 7573 
Other tilapia 488 412 537 928 1454 1683 3739 1900 1485 1658 1243 1827 
Alestes 1 14 2 0 35 23 0 4 2 4 1 0 
Bagrus 1103 1389 1025 1141 1396 1769 642 430 2532 1243 88 61 
Lates 136 51 97 203 1066 4286 4310 22834 33a4 52337 41319 50029 
protoEterus 2179 1469 935 773 612 472 370 187 239 108 81 150 
HaElochromis 6013 4620 6368 5378 6621 6599 3636 916 2546 612 41 6 
Clarias 2211 2584 2507 1755 1729 3029 1223 1003 2062 895 780 547 
Barbus 127 283 182 183 199 417 421 292 692 100 53 113 
Synodontis 196 126 191 310 155 482 388 127 232 47 75 0 
Mormyrus 89 58 89 102 102 359 333 208 2678 218 89 49 
Labeo 59 108 123 936 148 443 482 112 918 81 58 0 
schilbe 31 54 57 129 120 320 117 49 78 22 3 5 
RastrineobOla 3742 4548 5652 6704 8710 9321 9443 7635 10419 16444 19437 25866 
Oth. srn.mixed 332 635 445 280 327 333 536 483 961 894 2351 2321 
TOTAL 17175 16581 18680 19332 23856 30592 26914 33179 E0958 77327 71854 88589 
Source: Reynolds and Greboval, 1988 
2.7.2 
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Table 15 shows the contribution of three most important 
fish species of Lake victoria, to the Kenyan total fish 
landings • 
. Although Kenya occupies a small portion of Lake 
victoria, compared with uganda and Tanzania, the annual 
catches of Nile perch. 1980-1985, were much higher than 
the other two countries (Table 16). This is thought to 
be due to much higher fishing intensity on Kenyan waters 
compared with the other two countries (Kongere, 1979; 
Ssentongoand Welcomme, 1985). 
Nile perch production from Lake victoria (Kenyan 
section) 
Most Nile perch is produced from Lake victoria, with 
Lake Turkana producing only 3% of the total Nile perch 
landings in the country (Kenya Fisheries Dept., 1986). 
Fossil records indicate that Lates spp. has been in 
existence in Lake Victoria in the past (Gee, 1965). 
However, during the earth movement of pliocene and 
Pleistocene periods, Nile perch became extinct. Large 
waterfalls such as Kabalega and Owen Falls (Map 1) 
formed along the upper source of the Nile during this 
period which made recolonisation of the lake by the 
species impossible (Gee, 1965). 
Table 15: Kenya - Lake Victoria waters, annual catches for Lates, TiliEia 
and Rastrineobola Species, in metric tonnes, 1974 - 1987 
. 
Year Lates TilaEia Rastrineobola Total 
--
niloticus species argentea landings 
. 
1974 136 (0.8) 965 (6) 3742 (22) 17175 
1975 51 (0.3) 642 (4) 4548 (27) 16581 
1976 97 (0.5 ) 1007 ( 5) 5652 (30) . 18680 
1977 203 (1) 1435 (7) 6704 (35) 19332 
1978 1066 (5) 2606 (11) 8710 (37) 23856 
1979 4286 (14) 2739 (9) 9321 (31) 30592 
1980 4310 (16) 5013 (19) 9443 (35) 26914 
1981 22834 (60) . 3897 (10) 7635 (20) 38179 
1982 33134 (54) 4475 (7) 10419 (17) 60958 
1983 52337 (67) 4282 (6) 16444 (21) 77327 
! , 
, 
1984 41319 (58) 7478 (10) .19437 (27) 71854 ! 
1985 50029 (56) 9442 (11) 25866 (29) 88589 ! 
1986 56975 (55) 9164 (9) 34518 (33) 103163 
1987 68545 (60) 10353 (9) 33145 (29) 113452 
Figures in parenthesis represent percentage of the total landings. 
Source: Kenya Fisheries Department, statistical Bulletins (1974 - 1987) 
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Table 16: Annual catches in tonnes of Nile Perch from. Lake 
Victoria waters by Kenya, Tanzanian and Uganda 
(1980 - 1987) 
. YEAR KENYA TANZANIA UGANDA 
1980 4310 15 5600 
1981 22834 274 16500 
1982 33134 2040 20340 
1983 52337 16425 N/A 
1984 41319 41614 N/A 
1985 50029 37608 N/A 
19.86 56975 N/A N/A 
1987 68545 ·N/A· N/A 
Source: Reyno1ds and Greboval, 1988 
The Nile perch was introduced into Lake Victoria near 
Jinja, Uganda in the 1950's and 1960's to prey on 
Haplochromis species which were abundant and not 
popular with the local fishermen (Hamblyn, 1960; Okedi, 
1970) • The introduced specimen were from Lake Albert 
(Map 1). 
-~-
Nile perch was first landed on the ugandan Lake Victoria 
shoreline in 1960 (Ogutu-Ohwayo, 1988; Acere, 1985) and 
on the Tanzanian side in 1972 (Goudswaard and Witte, 
1985). It started appearing in FAO statistics in 1972 
"(payne, 1972). In the Nyanza Gulf of Kenyan Lake 
victoria, Nile perch begun appearing in fishermen 
catches in 1969, but remained insignificant for several 
years thereafter (Reyrtolds and Greboval, 1988). In 
1974, records show that Nile perch made up less than 1% 
of the total landings in Kenya (Kenya Fisheries Dept. 
1982). Figure 8 shows the trend of Nile perch in Kenya 
from 1974 to 1987. 
Nile perch gained economic importance in Kenya in the 
early 1980's when fishermen realised that they could 
catch more Nile perch in a day. than their popular 
Tilapia. Despite the low prices of the Nile perch 
(Table 17) the fishermen earned more money due to bigger 
catches than the highly prices but fewer Tilapia.· 
Nile perch presently contributes 60% of the total 
landings from the Kenyan Lake victoria. shore line (Table 
15). 
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Fig.8: Landings of the three most important 
fish spp on Kenyan L.Victoria shoreline. 
Weight in metric tonnes (Thousands) 
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Table 17: Kenya - Lake Victoria waters, mean prices of Lates 
Tilapia and Rastrineobola species to fishermen 
1978 - 1988 (Ksh/kg) 
Year Lates Tiliapia Rastrineobola 
niloticus species argentea 
1978 1. 75 3.20 2.80 
1979 1.65 3.70 3.65 
1980 1. 75 3.60 2.35 
1981 2.00 4.30 2.75 
.1982 1.80 5.40 1. 70 
1983 1.40 5.00 1. 70 
1984 1.60 4.80 1. 75 
1985 1.80 7.10 1.85 
1986 2.00 7.20 2.60 
1987 2.70 7.90 1. 46 
1988 3.09 9.79 2.78 
Source: Kenya Fisheries Department, Statistical Bulletins 
(1978 - 1988) 
. 
2.7.3 
2.8 
2.8.1 
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Fishing methods 
The fishing methods most widely used in Lake Victoria 
are gill netting, long lining, hard lining and beach 
seining. Most of the Nile perch from Lake Victoria are 
at present caught by gill netting or long lining. 
Planked canoes with lateen sails are commonly used for 
fishing (Plate 2). Only a very small number of outboard 
engines are used. 
The gill nets are hauled in the morning, set again and 
left till the following morning. Sometimes the nets are 
brought to the shore for mending and these are set in 
the evening. It is believed that most fish strike the 
nets during the darkness and therefore it is unusual for 
fish to be dead for more than 12 hours. Consequently 
most .fish are landed in very good condition (Cole, 
1984). 
Handling, processing and utilisation of Nile perch 
Handling and distribution of Nile perch in Kenya 
Although the fish normally arrive at the shore in very 
good condition, they may spend a substantial amount of 
time lying around in the sun ashore. No premium is 
usually paid for high quality fish and only the ones in 
poor condition are unsellable (Cole,1984). 
There are over 
shores of Lake 
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200 landing beaches along 
victoria (Tettey, 1988). 
the Kenyan 
Most of the 
Nile perch are landed where there are small shelters 
(bandas) established by the Fisheries Department. The 
bandas are made of a concrete floor and open sides with 
a roof of corrugated iron sheets. Here the fish are 
sold to traders and processors through fishermen 
co-oper,ative societies, of which 35 currently exist 
(Tettey, 1988). The fish are not usually iced at the 
landing beaches, except by a few refrigerated vans with 
ice. These vans collect fish from the more accessible 
landing beaches for filleting plants, which are situated 
in larger, towns of the country. 
The co-operatives, which earn 10% commission on all fish 
transactions and sales, are supposed to provide services 
including granting of loans and supplying fishing 
inputs, e.g. gears (Tettey, 1988). These cooperatives, 
though not very efficient, are instrumental in 
negotiating fair prices for fresh fish sold in the 
bandas. 
Fish, p'acked in baskets, is transported to outside 
markets, using pick-ups, buses, bicycles or on foot. 
The refrigerated vans transport only fish to be used for 
filleting. During the rainy season the, roads become 
impassable and since this is the period that the fish 
are most abundant there are usually heavy losses due to 
spoilage. 
2.8.2 
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Industrial scale processing 
Industrial processing of Nile perch fillets has 
undergone rapid expansion and more operations are being 
established as entrepreneurs scramble for the export 
market (Table 18) (Reynold and Greboval, 1988). Nile 
perch fille.ting 
expanded in the 
plants 
past 
have increased and capacities 
few years (Tettey, 1988). In 
January, 1990 there were a total of eleven Nile perch 
processing plants in the country, of which six are based 
in Nairobi, four in Ki$umu and one in Mombasa. 
Filleting yields account for only a third of the fresh 
weight, but frozen fillets sell on average for. ksh 33 
per kg in Kenya against buying price of ksh 4 per kg 
(Tettey, 1988). Export prices are much higher than 
this. Approximately 60% of Nile Perch fillets handled 
by these companies is exported and the rest is sold 
locally to hotels, institutions and retail shops. 
Most of the Nile perch fillets are exported to Europe 
and Isiael. Export of frozen Nile perch fillets rose 
form 800 tonnes in 1986 to 6,479 tonnes in 1989 (Table 
18). The major fish export commodity from Kenya is Nile 
perch fillets contributing over 90% of total fish 
exports (Table 18) which represents approximately 25% of 
total landings (Table 19). Other· exports include, 
prawns, lobsters, crayfish and live tropical fish. 
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Table 18: Exports of fish and fishery products from Kenya in 
tonnes (1981 - 1989) 
. 
. 
Nile Year Total Fish perch Exports Nile perch as % 
Exports (tonnes) (tonnes) of fish exported 
1981 1460 - -
1982 912 - -
1983 . 1466 - -
1984 599 - -
1985 514 - -
1986 1297 800 62 
1987 4677 3873 82 
1988 5156 4634 90 
1989 6938 6479 93 
Source: Kenya Fisheries Dept. statistical bulletins 1981-1989 
Table 19: Nile perch total landings and exports in tonnes 
(1986 - 1989) 
Year Total Landings Total Nile perch % of fish landings 
(tonnes) exports (tonnes) used for export 
1986 58806 800 3 
1987 70354 3873 17 
1988 62612 4634 22 
1989 69413 6479 28 
Source: Kenya Fisheries statistical bulletins, 1986-1989 
NOTE: Percentages are calculated taking into account that the 
exports are frozen fillets .whose recovery from the whole 
fish is approximately one third; 
2.8.3 
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The remaining two thirds ·of the Nile Perch after 
filleting are not wasted as the filleting companies sell 
skeletons and dried swimbladders. Only the skins are 
thrown away, although experiments are currently under 
way to utilise them as leather (see section 2.8.4.2). 
Traditional processing 
Tettey (1988) reported that out of the Nile perch 
produced in Kenya in 1987, less than a quarter was 
processed into frozen fillets for export. The bulk was 
cured locally before utilisation. This indicates the 
importance of traditional fish processing in the 
economy. The traditional processes employed include hot 
smoking, frying ·andsun drying. Nile perch has first to 
be dressed into shapes and sizes that are suitable for 
further processing. 
2.8.3.1 Smoking 
Smoking of Nile perch is done in traditional kilns 
(Fig. 9), whole walls are constructed of mud reinforced 
with cowdung, spread over wooden structures (Plate 3). 
Before smoking, the fish are dressed, where big fish 
(> 1 kg) are cut into two or more pieces depending on 
the size of the fish and split open. The smaller fish 
« . 1 kg) are usually either smoked whole or split open • 
The fish are then sun dried for 1-2 hours before they 
are smoked (Rogers, et al. , 1989) • 
r---~------------------------------------------------------------------
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Fig. 9a: Traditional rectangular smoking oven "Lunyo" found in Kenya 
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Fig. 9b: Cross section of Traditional smoking oven "Lunyo" 
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plate 3: Traditional smoking kiln "Lunyo" found in Kenya 
Plate 4: Dressed Nile perch ready for smoking process 
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The smoking kilns are covered with mats or iron sheets 
while in operation. usually several layers of fish are 
treated simul taneously. The· hot smoking process in 
Kenya is carried out in two phases and between these, 
the partly smoked fish is removed from the kiln and 
allowed to cool (Bon, 1987). The end product has a dark 
brown scorched appearance (Bon, 1987). Its moisture 
content is lowered to such an extent that the product 
can be kept at ambient temperature for many days (Bon, 
1987; Rogers, 1988). 
2.8.3.2 Frying 
Processors prefer to use the oil recovered from Nile 
perch intestines and belly cavity to fry their fish. 
The oil is obtained by heating the intestines and belly 
cavity in open mental bowls over an open fire (Bon, 
1987). Pieces of Nile perch weighing approximately 
500 g are fried for 30 minutes. Smaller pieces, or 
small whole Nile perch, take a shorter time. 
During beach seining for R. argentea, juvenile Nile 
perch are harvested and these are usually fried. 
Although frying is becoming very popular, fried Nile 
perch has lesser appeal compared to smoked Nile perch. 
Fragmentation is very high in fried Nile perch which 
presents·marketing problems (Tettey, 1988). 
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2.8.3.3 Sun drying 
of the three forms of curing Nile perch, sun drying is 
the least common in Lake Victoria region. However, most 
Nile perch from Lake Turkana are salted and sun dried. 
The fish dry faster in Lake Turkana region than in Lake 
Victoria region, possibly due to higher ambient drying 
temperatures and lower relative humidity. Sun drying 
requires a relatively low capital investment and 
therefore is an advantage in Turkana region where there 
is a firewood scarcity. Another possible reason why sun 
drying of Nile perch.is not popular in the Lake victoria 
region could be that the fish are large and thus 
.unsuitable for .such processing (Tettey, 1988). 
2.8.4 Utilisation of Nile Perch by-products 
2.8.4.1 Swimbladders 
Swimbladders are used as raw material for the 
manufacture of isinglass, an additive, which acts as 
clarifier during the storage of draft beer and wine 
(Tettey, 1989; straus, 1990). Dried swimbladders are 
exported to Europe as raw material for isinglass 
manufacture, but are considered to be a delicacy in East 
Asia (Tettey, 1989; Straus, 1990). 
2.8.4.2 Skins 
The possible utilisation of Nile perch skins to make" 
leather products is still at the experimental stage. 
Kenya Industrial Research and Development Institute 
(KIRDI) and the Bata Shoe Company in Nairobi have 
carried out experiments on the transformation of skins 
into leather (Tettey, 1989). According to KIRDI and 
Bata Company, it is economically feasible to transform 
the Nile perch skins into leather (Tettey, 1989). 
2.8.4.3 Skeleton 
The remains of Nile perch after filleting are referred 
to as skeletons. At the moment, there is a big demand 
for skeletons, especially in Nairobi and Kisumu towns, 
where filleting plants are situated. The skeletons are 
sold at very low prices (Ksh 1.00-2.00/skeleton 
regardless of size) by the factories to small scale 
processors who fry them. The fried Nile perch skeleton 
at a retail price of Ksh 4.DO-S.OO/kg has become very 
popular especially among low income groups of people 
(Tettey, 1988). 
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There is an urgent need to improve the handling of Nile 
perch skeletons, from the processing plants to frying 
sites. The ·dumping of skeletons on the floor after 
filleting and the long periods they are kept without 
icing before frying, make them highly susceptible to 
bacterial contamination (Tettey, 1988). 
2.8.4.4 Nile perch oil 
Nile perch oil, after the crude extraction described in 
section 2.6.8.2 is sold as cooking oil for the domestic 
market (Kizza, 1989; personal observation). Nile perch 
oil use .as raw material for soap and margarine 
manufacture has been reported by a few researchers 
(Bwathondi, 1985; KIRDI, 1989). 
Nile perch oil is rich in polyunsaturated fatty acids 
, 
and especially omega-3 (KIRDI, 1989; Kizza, 1989). 
KIRDI (1989) reported 18.9% omega-3 fatty acids in Nile 
perch flesh. Omega-3 acids are reported to have 
anti-cholesterol effects (Kinsella et al;, 1977; Wang et 
al.,1990). 
2.8.4.5 Other by-products 
Potential . uses of Nile perch by-products from filleting 
operations include production of fishmeal and ·silage for 
animal feed. Some preliminary work on production of 
2.8.5 
- 97-
silage has been done by the Kenya Marine Fisheries 
Research Institute (KMFRI) (Tettey, 1988). One company 
in Nairobi (Tarmfeed) is currently manufacturing trout 
pellets from Nile perch wastes after filleting (personal 
observations) • 
socio-economic aspects of Nile perch in Kenya 
The social and economic impact of Nile perch can be 
viewed from the influence it h~s had over the fishing 
patterns and its acceptability as a substitute for the 
hitherto preferred endemic species. 
The success of Nile perch in Lake Victoria has altered 
the traditional habits of fishermen, who have increased 
the mesh size of their nets and have moved into the 
deeper waters to meet the market demand. The shift of 
interest from endemic species arising from urban demand 
and the opening . of foreign market for the fish have 
created this demand (Kenya Fisheries Dept., 1988). 
Original unfavourable attitudes towards Nile perch are 
gradually changing. Apart from the fact that the fish 
was unknown until recently (first caught in 1969, but 
significant landings in 1981), the traditional cooking 
methods were not suited for the preparation of the 
species. However, with improved methods of cooking, 
2.9 
2.9.1 
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interest has changed and Nile perch has found acceptance 
by local consumers. As a consequence the value of the 
fish is rising (Table 17) (Kenya Fisheries Dept. 1988; 
Reynolds and Greboval, 1988). 
The per-capita fish consumption in Kenya has risen from 
2.86 kg/year in 1978 to 6.11 kg/year in 1987 (Table 20). 
This is due to increased fish production which has 
matched population growth (Kenya Fisheries Dept. 1988). 
The steady increase in fish production is attributed 
mainly to the increase in landings from Lake Victoria 
(Table 20), especially of Nile perch. 
Post-harvest losses of Nile perch 
General 
There is little documented work on post harvest losses 
of Nile perch in Kenya •. However, some work has been 
done in Tanzania on post harvest losses of cured Nile 
perch. 
During the dry season, few losses of cured Nile 
·are reported in Tanzania and Kenya (Rogers, 
personal observations, 1987 and 1989). The 
perch 
1988; 
losses 
during this time are estimated not to exceed 5% (Rogers, 
1988). 
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Table 20: Fish landings and per-capita consumption of fish 
in Kenya 1978 - 1987 
Year Production from Total Production Per-capita 
Lake victoria (tonnes) consumption 
(tonnes) kg/year 
1978 23 856 46 394 2.86 
1979 30 592 50 413 3.14 
1980 26 914 48 218' 3.29 
1981 38 179 57 352 3.02 
, 
1982 60 958 81 133' 3.44 
1983 77 327 97 461 4.67 
1984 71 854 90 976 5.37 
1985 88 589 105 973 4.81 
1986 103 163 119 798 5.37 
19B7 113 452 131 181 6.11 
Source: Kenya, Bureau of Statistics (1978-1987) 
2.9.2 
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However, this situation changes in the rainy season, 
when catches are at their peak •. Losses as high as 20% 
have been reported in Tanzania in periods of heavy rain, 
with an average of 15% over the season (Rogers, 1988). 
During this time, the roads leading to the landing 
beaches are impassable (Bon, 1988; Rogers, 1988) and 
therefore fish for industrial processing cannot be 
collected. Lack of ice at the landing beaches means 
that the fish landed have to be processed one way or 
another, since they cannot be preserved by icing. The 
smoking operations are not possible in heavy downpours 
and as a result, there is reduced demand for fish from 
fishermen. Fishermen therefore lose fish through 
microbial spoilage, since Nile, perch left at ambient 
temperature (20-30oC) spoil within 14 hours (Gram et al. 
1989). 
Smoked Nile perch 
The storage life of the smoked product is about one 
month (Rogers, 1988), and therefore there is sufficient 
. time to allow transportation from processing sites to 
urban markets. In the wet season, relative humidities 
are much higher, making it difficult to keep cured fish 
dry. Also due to poor packaging and storage facilities, 
the fish can easily be re-wetted in heavy rain (Rogers, 
1988) and this favours mould growth and blowfly 
infestation (personal observations). The storage life 
2.9.3 
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of Nile perch in the wet season is reduced to 2-3 weeks 
in Tanzania (Rogers, 1988) and 4-7 days in Kenya (Gram, 
1987). Processors and traders face increased problems 
during this season, because of the products shorter 
storage life, difficulties in transporting cured product 
and procuring firewood for processing as roads become 
impassable. 
Fried Nile perch 
The storage life of fried Nile Perch during dry season 
is about 7 days (Gram, 1987; Rogers, 1988) and therefore 
can reach target markets easily before spoilage. 
In the wet season, the storage life of fried Nile perch 
is reduced to 3-4 days (Gram, 1987; Rogers, 1988). 
There is therefore little time for traders to market the 
fish particularly as transportation system is often 
slower in the wet season (Rogers, 1988). Most 
processors only· produce fried Nile perch on orders 
duiing this season due to heavy risk of losses (Rogers, 
1988). Blowfly larvae appear to be the main agents 
responsible for spoilage of fried Nile perch (Gram, 
1987; personal observations). 
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2.9.4 Prevention of post harvest losses 
2.9.4.1 Use of ice 
The rate of microbial spoilage of fresh Nile perch is 
slowed down by icing, and whole fish stored in ice, kept 
for 27-30 days and fillets for 23 days (Gram et al., 
1989). Tettey (1988) investigating use of ice on board. 
a 7 metre unmotorised 
waters, found a yield 
canoe in Kenya' Lake Victoria 
of 58% rate of return on 
investment against a rate of 20% for similar canoe 
operating without ice under similar conditions. 
Although ice is useful in extending shelf life of fish 
by retarding microbial spoilage, it is seldom used in 
Kenya, except by filleting companies which send 
insulated trucks with ice to purchase fish from the 
landing beaches. There are no ice making facilities at 
the landing beaches along the Kenyan Lake Victoria shore 
line. The cost of ice at present in Kisumu is Ksh 1.50 
per kg (Tettey, 1988; personal observation). This is 
out of reach for most small scale processors and 
traders~ and therefore it is difficult to promote the 
use of ice, inspite of the potential benefits. However, 
under the Kenyan Government 20 year development plan, 
five cold stores and ice making facilities are to be 
sited in major towns along the Kenya shores of Lake 
.Victoria (Tettey, 1988). This would make ice more 
affordable to the fishermen and processors. 
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2.9.4.2 Use of salt and sorbic acid 
Laboratory experiments with spoilage bacteria isolated 
from Nile perch have shown that their growth could be 
inhibited by salt and the food preservative, sorbic acid 
(Gram, 1988). It was found that use of 15 g salt and 
1.5-2 g potassium sorbate per kg of fish flesh followed 
by 
at 
3-4 days of sun drying resulted in a stabl~ product 
1988). The data ambient temperatures (Gram, 
collected in this study are preliminary and further work 
is necessary before the method can be recommended for 
use at commercial level. 
2.9.4.3 Re-smoking 
Some traditional processors in the Lake victoria region 
re-smoke Nile perch every 3-4 days during the wet season 
to prevent mould and blowfly attack (personal 
observation). Although this extends the shelf-life of 
the product for a few days, the process is rather 
expensive due to cost of firewood. 
2.9.4.4 Improved smoking kilns ("Nyegesi kiln") 
Rogers et al. (1989) reported good progress in 
development of a fuel efficient smoking kiln "Nyegesi 
kiln" for Nile perch in Tanzania. Trials carried out 
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have shown that the kiln uses much less fuel (25-30% 
less) than traditional kilns, is less labour intensive, 
is easy to operate even' during heavy downpours and gives 
a better quality product (Roger et al., 1989). The kiln 
has bigger capacity for smoking fish compared with 
traditional smoking kiln, and can serve as storage, when 
not being used for smoking (Rogers et al., 1989). 
3. 
3.1 
3 •. 1.1 
3.1.2 
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3.1. 4 
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MATERIALS AND METHODS 
Materials 
Fish 
Smoked and sun dried Nile Perch samples were purchased 
from Gikomba wholesale fish market.in Nairobi. 
Fresh Nile Perch weighing approximately 3 kg were 
purchased from a fishermen's co-operative society at 
Wichlum landing beach in Siaya district. 
Salt 
Common cooking salt (Kensalt Brand) was purchased from 
supermarkets in Nairobi. 
Firewood 
Firewood used for smoking the· fish was from Acacia 
trees. 
Chemicals 
All chemicals used were of analytical grade. They were 
supplied by Kenya Laboratory Supplies in Nairobi, Kenya 
and BDH Chemicals, UK. 
3.1. 5 
3.2 
3.2.1 
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Equipment 
(a) A traditional smoking kiln (Fig. 9) was used for 
smoking Nile perch. 
(b) plastic jars with perforated chambers (Fig. 11) was 
used for sorption isotherm determinations. 
(c) . plastic buckets were used for brining. 
(d) Open woven bamboo baskets for storage (Plate 5). 
(e) Mosquito nets for screening (Plate 5). 
(f) Novasina humidity and temperature measuring 
instrument EEJ - 3 for water activity measurements. 
(g) Kjeltec system 1002 Distillation Unit and Tector 
1002 Digesting System 6. 
(h) Ystral 0-7801 top drive homogeniser, 
(i) MSE bench centrifuge. 
(j) Temperature and humidity meter. 
(k) Maulinex coffee grinder. 
(1) Cool box (8 litre) (thermos). 
(m) Breeding cages for blowfly cultures. 
(n) Mettler PE 1600 top loader balance and Mettler AE 
163 Analytical balance (Switzerland). 
Method 
Field Surveys 
The initial survey using questionnaires (Appendix 1,2 
and 3) was carried out in March 1987 when ,traditional 
processors, traders (wholesale and retail) and consumers 
of cured fish were interviewed. A second survey using a 
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more concise questionnaire (Appendix 4) was carried out 
during the whole month of March 1989. This was done in 
order to obtain more recent 
distribution and processing 
information on landings, 
of Nile perch from the 
beaches that are accessible to refrigerated trucks. 
3.2.1.1 Traditional processors 
A questionnaire (Appendix 1) was used to interview 126 
traditional processors of Nile perch.' The processors 
interviewed were based in South Nyanza and Kisumu 
districts along the shores of Lake Victoria. The 
beaches 
Migori , 
covered during the survey 
Karungu, Sindo in South Nyanza; 
included Mbita, 
and Kaloka and 
Luanda, Kotieno in Kisumu districts (Map 2). 
3.2.1.2 Fish traders (wholesale and retail) 
A total of 70 fish traders were interviewed using a 
structured questionnaire (Appendix 2). The areas 
covered included Nairobi and Kisumu fish market as well 
as some landing beaches. The interviews concentrated on 
fish traders dealing in cured fish, especially in Nile 
perch. 
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3.2.1.3 Cured fish consumers 
A total of 143 consumers were interviewed using a 
structured questionnaire (Appendix 3). The consumers 
were interviewed while purchasing their fish from the 
traders. The interviewers waited for customers at the 
fish traders stalls, and interviewed a few (3-5) before 
moving to the next stall. 
3.2.1.4 processing methods for Nile perch 
3.2.2 
A questionnaire was designed (Appendix 4) which was used 
for a few selected beaches during the month of March, 
1989. The selected beaches were as follows: 
(a) Dunga and Kaloka in Kisumu district which are close 
to Kisumu town and are accessible to lorries 
throughout the year. 
(b) Wichlum and Uhanya in Siaya district; and Sindo in· 
South Nyanza. These are accessible only during the 
dry season, which includes the month of March (see 
Map 2). 
Market Sampling of Nile perch 
All the smoked and sun dried Nile perch samples were 
purchased from Gikomba market in Nairobi. 
Q 
! 
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Map 2: Lake Victoria (Kenya) showing Some of the major landing beaches 
and adjacent districts 
34- 0" E 
" SIAYA 
KAKAMEGA / 
/ .... 
I 
/ 
/ 
I 
KISUf.1U 
L 0 k e 
UGANDA ···.KEf\JYA SOUTH 
NYANZA 
/'.1',: 
TANZANIA 
10 
I 
\ 
\ 
"-
\ 
\ 
\ 
\ 
, 
I<ISII 
NAROl( 
------------------------
/ 
\ 
I 
r -
- 110. -
3.2.2.1 Smoked Nile perch 
Three samples of each of the following smoked Nile perch 
were randomly picked from the market: 
(a) Whole medium size (approximately 30 ems long) 
(b) Split open, medium size (approximately 30 cms long) 
(c) Parts of middle section of a big Nile perch 
approximately 15-20 kg. The sections were between 
18-25 cm and 15-18 ems wide. 
3.2.2.2 Sun dried Nile perch 
Three samples of strips of sun dried Nile perch w,ere 
purchased. The dried strips were approximately 80 cm 
long, suggesting they were from a fairly large fresh 
Nile perch. 
3.2.2.3 Chemical and biological analysis of market samples 
All 
fat, 
the samples were analysed 
salt, ash contents and 
for moisture, protein, 
water activity. The 
analytical methods used are described in section 3.2.7. 
Identification of mould present on the fish was 
confirmed by Mrs. Eunice Mutitu, a Microbiology Lecturer 
in Food Technology and Nutrition Department of the 
University of Nairobi. 
3.2.3 
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Aflatoxin analysis on mouldy fish was carried out as 
described in section 3.2.7.8. 
Beetle and blowfly larvae were isolated and identified 
by Mr. Joseph Muhangani of the Department of Entomology, 
Kenya National Museum. 
processing, packaging and storage techniques used during 
field investigations 
All the processing and packaging of the Nile perch was 
carried out at Wichlum landing beach and simulated 
traditional methods. 
3.2.3.1 Fish preparation 
A total of 81 fresh Nile perch of approximately 3.5 kg 
and 54 cm standard length were purchased from Wichlum 
Fishermen Co-operative Society immediat"ely after 
landing. The fish were purchased in two different lots. 
The first lot consisted of 69 fish and the second which 
was p~rchased the following day consisted of 12 fish. 
All the fish were individually weighed using balance 
accurate to 0.01 kg, and the standard lengths recorded. 
They were then split open along the backbone, gutted, 
cleaned and cut into two (Plate 4) according to local 
custom. The fish were re-weighed. 
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The two pieces of each fish are referred to as one fish 
in subsequent treatments. 
The first lot of 69 fish were divided into three batches 
consisting of 2, 55 and 12 fish. The first batch (2 
fish) was wrapped in aluminium foil , placed in a 
polythene bag, kept in a cool box with ice and later 
transferred into a deep freezer in Kisumu. This batch 
was used for moisture, protein, fat and ash content 
determinations of fresh fish (Section 3.2.7). 
The second batch (55 fish) was subdivided into five 
groups. The first three of these consisting of 5 fish 
each were salted in .10, 20 and 25% brine concentrations. 
The other two consisting of 20 fish each were salted in 
o and 15% brine concentrations (Section 3.2.3.2 for 
bririing procedure). 
The third batch (12 fish) was subdivided into two 
groups, each consisting of 6 fish and used for dry 
salting trials. 
The second lot of 12 fish was purchased the following 
day and was treated in the same manner as the third 
batch, making a total of 24 fish for salt drying. 
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3.2.3.2 Brining 
The prepared fish were immersed in their respective 
brine solutions, which ranged in concentrations from 0 
to 25% W/V (g NaC1/100 cm3 solution) and left overnight 
(19 hours). After brining the fish were drained and one 
fish from each sal.t treatment was used for water 
activity, moisture and fat analysis (Section 3.2.6). 
Samples from 0 and 15% brined fish were also analysed 
for protein. The rest of the fish were left to dry in 
the sun for 2 hours before the smoking process. Brining 
is not usually practised by Kenyan traditional fish 
processors. 
3.2.3.3 Dry Salting 
One group of 6 fish from the third batch was sprinkled 
with a little salt, while the other group was left 
unsalted as control. ·The fish were left to dry in the 
sun for 2 hours before smoking. 
The second group of 12 fish was similarly treated, the 
following day. This trial was to investigate the 
possible intra and inter process variation of the final 
smoked products when processed by the same processor. 
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3.2.3.4 Smoking 
The smoking ·process was carried out using the 
traditional method. The fish were loaded into a 
traditional smoking kiln (Plate 3) and smoked for about 
10 hours. A traditional processor was hired to process 
the fish actiording to local practice. After smoking, 
the fish were individually re-weighed. 
One fish from each 
evaluation (Section 
treatment was used for sensory 
3.2.5). Samples from all the 
treatments were analysed for water activity, moisture 
and salt. Samples previously brined in 0 and 15% salt 
concentrations were also analysed for protein. 
Duplicate samples of liquor were drawn from each brine 
concentration before the fish were soaked and after an 
overnight brining process. These samples were analysed 
for salt content (after appropriate dilution) by 
titration with 0.1 M silver nitrate using potassium 
chromate as indicator. 
3.2.3.5 Sun drying after smoking 
Smoked fish, previously brined in 0 and 15%, were used 
for sun drying trials. Half of the remaining fish from 
each treatment (9 each) were left to dry in the sun for 
8 hours before packing. The fish were spread on mats 
placed on the ground during drying~ The average ambient 
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temperature during the drying period was 24 0 C within a 
range of 24-26oC, while the average relative humidity 
was 46.8% within a range of 40-55%. After drying, 6 
samples from each treatment were used for estimation of 
moisture content and water activity. The remaining fish 
(18) of each treatment (salted and unsalted) were not 
sun dried. 
3.2.3.6 packaging 
The processed Nile perch (described in Section 3.2.2.5) 
were packed in traditional baskets (Plate 5) in the 
following way: 
(a) Fish piled together in open woven traditional 
baskets (local custom). 
(b) Fish piled together but the whole basket covered 
with a mosquito net. 
(c) Layered and each layer separated with grease-proof 
paper, but the last layer of fish not covered with 
paper and basket unscreened. 
Each of the three types of packaging included 3 fish of 
each of the following treatments: 
(a) Salted (15%) smoked 
(b) Unsalted (0%) smoked 
(c) Salted, smoked and sun dried 
(d) unsalted, smoked and sun dried 
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Plate 5: Traditional packaging baskets for cured fish (small size) 
Plate 6: Unsalted smoked (US) and salted smoked (SS) Nile perch 
immediately after processing 
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Unless otherwise stated, smoked fish were packed in the 
tradition way, i.e. piled together in an open basket. 
The smoked fish of the third batch (i.e. those which had 
initially been dry salted) were sub-divided into two 
lots, where one lot was screened wholly using a mosquito 
net and the other was not (Fig. 10). 
All the storage baskets contained three fish each (6 
pieces). 
3.2.3.7 storage conditions 
3.2.4 
All the fish were stored in a well ventilated room, with 
asbestos roofing and PVC tiled floor in Nairobi, as a 
commercial store was not readily available. The 
temperature of the room was 190 C within a range of 
15-24oC and average relative humidity of 38% within a 
range of 28-53%. The temperatures and relative 
humidities were recorded daily (at 8 a.m., 12 noon and 
4 p.m.) during the three month storage period. 
Quality assessment 
At daily intervals, the quality of the fish was assessed 
visually with particular attention being paid to 
presence or absence of moulds, beetles, beetle larvae, 
blowfly larvae and putrefication. Rancidity development 
was assessed by determining peroxide values on a weekly 
.. 
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Fig. 10: A Flow Diagram showing Nile perch treatments during field 
investigations 
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basis. The samples tested for rancidity were those 
brined in 0 and 15% salt concentrations. This was done 
on both the fish packed straight after smoking and those 
that were sun dried before packing. 
3.2.4.1 Sample preservation 
3.2.5 
All the samples of fish for analysis, which were 
collected at the processing site, (i.e. fresh fish and 
newly processed fish before storage) were carefully 
wrapped in aluminium foil and placed in polythene ·bags. 
They were kept in a cool box with ice during the day of 
sampling until they were transferred into a deep freezer 
(-laoC) in Kisumu. When the processing .trial was 
completed, the samples were transported in a cool box to 
Nairobi and kept in a freezer (-laoC) until analysed. 
Sensory evaluation of brined smoked fish 
An untrained sensory panel consisting of 15 residents of 
Wichlum beach was used for organoleptic assessment of 
smoked fish subjected to different salt treatments. The 
smoked Nile perch previously salted in brine of 
concentrations 0, 10, 15, 20 and 25% were evaluated for 
salt taste by the panel. Each panellist answered the 
questionnaire individually through an interpreter 
3.2.6 
-~-
(without consultation from other panellists). The 
sensory score was based on a scale of 5 (too much salt) 
to 1 (no' salt). A score of 3 was taken to represent the 
most acceptable salt concentration (Appendix 5). 
The smoked fish, whose flesh is already well cooked, was 
presenied for tasting. 
(a) without further cooking, and 
(b) After stewing in cooking oil, tomatoes and onions, 
according to the local way of cooking smoked fish. 
Moisture adsorption isotherms. 
These were determined in order to indicate the most 
suitable water activities and moisture contents for 
stable smoked (salted and unsa1ted) Nile perch products 
during storage. 
Moisture adsorption isotherms of smoked salted and 
unsalted Nile Perch were determined at 25, 30 and 370 C 
using a method based on Principles of Labuza (1984). 
The flesh of smoked, salted and unsalted Nile perch was 
ground into a powder using a coffee grinder. 4 g 
duplicate samples were each placed on a filter paper in 
the perforated upper chamber of a plastic jar (Fig. 11) 
containing saturated salt solutions. Salts listed in 
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Table 21, with known water activities (in the range of 
0.11 to 0.86) were used. These were held at either 25, 
30 or 37 0 C. The solutions were ~hecked daily to ensure 
saturation. The saturated salt solution maintains 
constant humidity provided that the amount of salt 
present is above saturation level. 
The perforated chamber, filter paper and sample were 
weighed together daily until equilibrium was reached. 
The equilibrium was judged to have been attained when 
weight remained constant (± 0.001g) for four consecutive 
sample weighings. This took generally 14-18 days. 
Apparat1,ls (Fig. 11) was improvised in place of 
desiccators which would have been too bulky for the 
available incubators. 
After equilibrium was reached, the samples were analysed 
in duplicate for moisture and sodium chloride contents 
(Section 3.2.7). The sorption isotherms were 
constructed by plotting moisture contents against the 
water activities. 
3.2.7 Analytical procedures 
3.2.7.1 Moisture content 
Labelled moisture dishes were left to dry overnight in 
an oven at 10SoC. They were removed, cooled in a 
desiccator for 30 minutes and weighed (W1 ) on an 
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Fig .. 11: Apparatus for water sorption isotherms determinations 
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Perforated upper chamber 
Plastic container 
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Table 21: water activities of saturated salt solutions at 25, 30 
and 35·oC 
r-----------------,.. ________________ --. 
water activity at °c 
salt 
Lithium chloride 0.11 0.11 0.11 
Potassium acetate 0.23 0.23 0.23 
Magnesium chloride 0.33 0.32 0.32 
Potassium carbonate 0.43 0.42 0.41 
Magnesium nitrate 0.52 0.52 0.51 
Cupric chloride 0.67 0.67 0.67 
Sodium chloride 0.75 0.75 0.75 
Potassium chloride 0.86 0.84 0.84 
Source: Rockland, (1960) 
. 
, 
, 
I 
I 
! 
I 
- 124 '-
analytical balance accurate to 0.001 g. 2-5 g of a, 
representative sample of flesh was placed into the dish 
and re-weighed (W2 ). 'The dishes were returned to the 
oven and left overnight. On removal from the oven, the 
samples were allowed to cool for 30 minutes in a 
desiccator, before being finally re-weighed (W3 ). (FAO 
1981). 
follows: 
percentage of moisture was 
% moisture = ~2~3 x 100 
w2 - w1 
3.2.7.2 water activity 
calculated as 
water activity (Aw) was determined by using a Novasina 
Aw-meter model EEJA-3. Readings were taken at 25 0 C 
every 15 minutes until 2 consecutive readings were the 
same, indicating that equilibrium had been attained. 
Triplicate samples were equilibrated each time. 
3.2.7.3 Lipid content 
This was determined by the method of Bligh and Dyer 
(1959) as modified by Hanson and Olley (1963). This 
method was also used to extract lipid for peroxide value 
analysis. 
The sample (about 10 g of wet fish or 2 g of dried fish) 
was accurately weighed into a 200 cm3 homogenising 
·flask. water was added to give a total volume of water 
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in the flask (including the known water content of the 
sample) of approximately 16 cm3• After addition of 20 
cm
3 
of Chloroform and 40 cm3 of methanol,· the mixture 
was homogenised for 2 minutes. During the 
homogenisation, the flask was held in an ice/water bath. 
A further 20 cm3 of chloroform was pipetted into the 
flask and the mixture was homogenised for 30 seconds. A 
final 30 seconds homogenisation was carried out after 
addition of 20 cm3 of water. 
The homogenate was transferred to two 100 cm3 centrifuge 
tubes which were capped and balanced to ± 0.1 g before 
centrifuging at 2000 r.p.m. in a MBE bench centrifuge 
for 20 minutes. 
The aqueous top layer was removed by suction and the 
lipid in 20 cm3 of chloroform extract (10 cm3 from each 
tube) was transferred to a dried pre-weighed flask. The 
chloroform was evaporated off, initially on a water bath 
and finally in an oven at 10SoC for 30 minutes. 
The weight of the residue was multiplied by 2 to give 
the weight of total lipid in the sample. 
The lipid content was calculated as follows: 
% lipid = weight of lipid x 100 
weight of sample 
- ~6-
3.2.7.4 Protein content 
Total nitrogen was determined by the micro Kjeldahl 
method. About 2 g of fish or 1 g of processed 
homogenised sample was accurately weighed into a 
Kjeldahl digestion tube and digested with 15 cm3 of 98% 
sulphuric acid after addition of 2 Kjeltabs. The 
samples were digested to a clear solution over a period 
of about 45 minutes. After digestion the tubes were 
allowed to cool before 75 cm3 distilled water was added 
to each tube. 
Distillation was carried out using a Kjeltec 1002 
Distillation unit. A conical flask containing 25 cm3 of 
receiver solution (saturated boric acid) was placed into 
the distillation unit, as well as the digested sample in 
the tube. About 50 cm3 of 40% sodium hydroxide was then 
dispensed from the unit into the digesting tube and the 
steam unit switched on. About 150 cm3 of distillate was 
collected into the receiver solution, the latter turning 
green from pink due to liberated ammonia. The receiver 
flask with the solution was then removed and titrated 
with 0.1 M hydrochloric acid. 
treated similarly. 
Reagent blanks were 
% Crude protein = 0.1401 x (S-B) x 6.25 
w 
- U7-
Where S = sample titre in cm3 
B a blank titre in cm3 
W = sample weight in g 
The factor of 6.25 was used to convert the total 
nitrogen content to crude protein. 
3.2.7.5 salt content 
Approximately 2 g of sample was accurately weighed and 
homogenised in distilled water. The well mixed extract 
was transferred quantitatively into a 250 cm3 volumetric 
flask and made up to volume. 25 cm3 aliquots of this 
were titrated against 0.1 M silver nitrate using 
potassium chromate indicator (end point yellow to red) 
(FAO, 1981). 
% NaCl = titration volume (cm3 ) x 5.85 
sample weight (g) 
3.2.7.6 Ash content 
A clean silica dish was heated over a bunsen flame, 
cooled for 30 minutes and weighed. A sample of 
approximately 5 g was accurately weighed, placed into 
the silica dish and charred over a bunsen flame in a 
fume cupboard until no more fumes were liberated. The 
dish and contents were transferred to a muffle furnace 
at 550 0 C and incinerated until a white ash residue was 
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obtained. Incineration for 4-6 hours was adequate. The 
dishes and their contents were cooled in a desiccator 
for 30 minutes and re-weighed. 
The ash content was determined as a percentage. 
3.2.7.7 Peroxide value. 
The method used was adapted from that developed by Lea 
(1952). Lipid extract was obtained as described in 
section 3.2.7.3. 1 g of powdered potassium iodide was 
added to the flask with a known weight of lipid extract. 
20 cm3 of solvent mixture (2 volumes glacial acetic acid 
plus 1 volume chloroform). 
The flask was placed in a dark cupboard for 30 minutes, 
after which 20 cm3 of 5% potassium iodide solution was 
added followed by 25 cm3 of water. The mixture was 
titrated with 0.002 M sodium thiosulphate using 1% 
starch solution as indicator. 
The blank run was also performed omitting the lipid, and 
the peroxide value was calculated as milliequivalents 
(meq) peroxide oxygen per kg of lipid. 
-, 129 -
Peroxide value - cm3 0.002 M sodium thiosulphate 
g sample 
- volume of titre mEq/kg 
weight sample 
3.2.7.8 Aflatoxin testing 
The method used to test for aflatoxins was that used by 
the public Health Department of Kenya (The B.F. 
International method). A 50 g sample of powdered dry 
fish was weighed into a 500 cm3 Erlen meyer flask and 
4 g NaCl was added to the sample. 250 cm3 methanol: 
water mixture (55:45 V/V) was added to the sample. 
After addition of 100cm3 ' hexane, the flask was 
stoppered and shaken for 30 minutes using an automatic 
wrist action shaker. 
The mixture was left to settle until three layers 
formed. 25 cm3 of the liquid middle layer was put into 
a separating funnel. 25 cm3 chloroform was added, 
stoppered and shaken vigorously. After the mixture had 
settled, the bottom layer was run down and filtered 
through anhydrous sodium sulphate on a filter paper. 
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The solution was evaporated on a water bath in a fume 
chamber. A little chloroform was added to dissolve the 
solid, and was then transferred to a gradiuated 
centrifuge tube or vial, and again evaporated to about 
1 cm3 by passing a jet of nitrogen through the sample. 
Thin layer chromatography (TLC) plates were prepared on 
a mechanised coat applicator. 
gel and water in the ratio 1:2. 
in oven at 100-200oC. 
The coating was silica 
The plates were dried 
After vigorous mixing, 20~1 of sample were applied onto 
the plate in triplicate, together with 10 and 20)11 of 
B1 , B2 , G1 and G2 standards. The TLC plate was placed 
in a saturated tank containing approximately 2 cm"depth 
of developing solvent (chloroform: acetone, 9:1 V/V), 
for approximately 30-45 minutes or until the solvent 
front was approximate1Y'2-3 cm from the top of the plate 
(i.e. approximately 10 cm beyond the spotting points). 
The plate was allowed to dry out at room temperature and 
the samples and standards were visualised under longwave 
UV light. 
The af1atoxins appeared as fluorescent blue spots. For 
confirmation, the plates were sprayed with 5% H2S04 
which reacts with af1atoxins producing a yellow colour. 
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3.2.8 Blowfly salt tolerance trials 
3.2.8.1 Maintenance of Lucilia Cuprina and Chyrosomya spp. 
The population were established from 758 blowfly pupae 
imported from Kenya. The pupae developed from blowfly 
larvae infesting smoked Nile Perch purchased from 
.Gikomba market in Nairobi. When the pupae emerged, the 
two blowfly species present were separated into 
different cages. The identification of blowflies was 
confirmed by Dr. Lewis Davies of University of Durham 
as; Chrysomya chloropyga (Wied), Chrysomya putoria 
(Wied) and Lucilia cuprina (Wield). For .the purpose of 
these trials, the two Chrysomya species were grouped 
together in one cage and subsequently referred to as 
Chrysomya spp. with~. cuprina in a separate cage. The 
populations were maintained at temperatures of 27-30oC 
in cages constructed of an aluminium frame (74 cm x 51 
cm x 34 cm), supporting a fine nylon mesh cover. 
Temperature was controlled by an overhead heat lamp, 
activated by a thermostat, situated inside the cage. 
The heat lamp provided the only source of illumination 
during the trials. 
The adult blowflies were reared from larvae that were 
fed on unsalted, fresh cod. After pupation, the newly 
emerged adults were fed daily on fresh bloody liver. 
Sucrose and water were made continually available to the 
flies. 
- ~2-
3.2.8.2 Salting treatment of fish- used as oviposition and 
feeding medium for Lucilia cuprina and Chrysomya spp 
Cod (Gadus morhua) was used as the oviposition feed 
medium. 
4 kg cod fillets were submerged overnight in 20 1 of 
each brine solutions of 0, 10, 20, 25 and 30% salt 
concentrations (W/V). After salting, the fish used for 
the oviposition experiments, was cut into squares of 
approximately 16 cm3 , sealed in polythene bags and 
stored at -20oC. The fish used in larval growth and 
mortality experiments, was minced and thoroughly mixed 
before being sealed in polythene bags and stored at 
-20oC. 
Before freezing, samples were taken randomly and 
analysed for salt and moisture contents (Section 3.2.6). 
The salt and moisture contents of the brined fish used 
for the experiments are given in Table 22. 
r----~------__,__-~------c__-------~- - ~ 
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Table 22: Salt concentration of fish (cod) flesh after brining 
in various salt concentrations 
Brine Moisture Salt content 
conc. % cont. % of fish flesh 
(% wwb) 
0 84.6 ( 0 .7) 0.4 (0.01) 
10 80.4 ( 0 .1 ) 6.4 (0.1) 
20 76.4 ( 0 .3) 8.7 ( 0.2 ) 
25 75.5 ( 0.6 ) 9.3 ( 0.4 ) 
30 74.0 (0.06) 10.0 (0.03) 
Figures are means of triplicate determinations. 
Figures in parenthesis are standard deviations. 
Salt content 
of fish flesh 
(% dwb) 
2.8 
32.7 
37.0 
38.0 
39.0 
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3.2.8.3 Effect of salt concentration of oviposition medium on 
oviposition by L. Cuprina and Chrysomya spp 
Each population was maintained for 3-4 weeks before the 
trials commenced to allow adequate time for ovaries of 
the female adult flies to mature. The flies were 
deprived of liver for 1 week before each series of 
trials commenced, to prevent premature oviposition and 
reduce incidence of 'spent' female flies. 
Four series of 4 trials each were carried out on 
consecutive days. For the first trial of each series, 
the flies L. cuprina were presented with fish of 4 salt 
concentrations. The flies of Chrysomya spp. were 
initially presented with fish of 4 salt concentrations 
in series A and Band 5 salt concentrations including 
unsalted fish in series C and D. In each succeeding 
trial, the choice of salt concentration was 
progressively reduced by omitting the fish which had the 
lowest salt concentration in the previous trial. Hence 
for the last trial of each series, the flies were 
presented only with the fish which had the highest salt 
concentration. The fish presented to the flies 
(approximately 16 cm3 blocks) was placed in an open 
plastic dish. Fish of each salt concentration was 
presented in triplicate and dishes were placed in a 
fully random order on the floor of the· cage for 1 hour 
and the number of eggs on each fish sample estimated. 
r--------------------------------- --------
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Estimation of number of eggs per mg (weight of eggs), 
was carried out on 6 small samples of eggs of each 
species, where the eggs were weighed (accurate to 
0.0001 g) and then counted. The average number of eggs 
per mg (~. cuprina, 11.3 eggs/mg; Chrysomya spp., 5.9 
eggs/mg) was used to calculate the number of eggs laid 
on the fish, after ~eighing them. The approximate 
numbers of flies present in cages were as follows: 
L. cuprina 
Chrysomya spp. 
Series A and B 
Series C and D 
Series A and B 
Series C and D 
1,500 
800 
330 
200 
3.2.8.4 Effect of salt concentration of feeding medium on growth 
and mortality of L. cuprina and Chrysomya spp. larvae 
A series of 2 trials was' carried out using laboratory 
bred blowflies L. cuprina and Chrysomya spp. larvae. 
The larvae used in the trials were reared on minced cod 
of a range of salt concentrations which had been 
processed and analysed using the methods described in 
section 3.2.8.1. 
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For each trial, the larvae were reared on fish of 5 salt· 
concentrations, namely 0.4, 6.4, 8.7, 9.3 and 10.0% 
(wwb) • At the start of each trial, 1 g samples of fish 
of each salt concentration were individually placed on 
small seperate dishes in transparent, plastic jars. 
Each salt concentration was duplicated. Twen ty. fi ve 
first instar larvae were carefully transferred to each 
sample of fish. The jars were closed, using lids which 
contained 4 ventilation holes of 1 cm diameter. The 
holes were covered with fine, nylon mesh to prevent 
larvae from escaping. The fish was replaced daily and 
from day 2 onwards the quantity of fish used for each 
replicate was increased to 12 g. The larvae were 
incubated at 30 0 C throughout the trials. At daily 
intervals, counts were taken of all surviving larvae and 
the larvae from the two replicates of each salt 
concentration were weighed on a top pan balance, 
accurate to 0.0001 g until the onset of pupation. 
Before being weighed, the larvae were allowed to crawl 
on a dry filter paper to remove excess moisture and fish 
particles. 
The pupae were transferred to pupation medium consisting 
of peat and returned to the incubator. They were 
monitored at daily intervals, until adults emerged. 
After 15 days any unemerged pupae were dissected and 
stage of development noted. 
4 . 
4.1 
4.1; 1 
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RESULTS AND DISCUSSION 
Field Survey of Processors 
Traditional Processors 
Traditional processors usually fry or smoke Nile perch 
on the landing beaches. Very few processors sundry 
Nile perch in the Kenyan sector of Lake victoria region. 
The smoking kilns (Plate 3) are built adjacent to the 
beaches and the stones for supporting the frying pans 
are set in the open also near the beaches. 
A total of 126 processors interviewed were from South 
Nyanza and Kisumu districts (Map 2). All the processors 
interviewed, indicated that they prefer to buy good 
quality fish when available, as they believe that this 
gives a good quality end product. When poor quality 
Nile perch is used as raw material, their experience is 
that the end product is usually very poor and difficult 
to sell. 
Table 23 shows different types of curing methods of Nile 
perch and the number of processors using each method in 
the areas the survey was carried out. 
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Table 23: Incidence of processing methods practised in 
South Nyanza and Kisumu District 
District Process Number of Total Number 
processors of processors 
using each interviewed 
process 
South Smoking 55 84 
Nyanza Frying 27 
Sun-drying 2 
Kisumu Smoking 18 42 
Frying 24 
Sun-drying 0 
TOTAL Smoking 73 126 
Frying 51 
Sun-drying 2 
Source: Questionnaire Survey, 1987 
% using 
each 
process 
65 
32 
3 
42 
48 
0 
58 
40 
2 
4.1.2 Traditional processing methods 
Traditional ·processing still accounts for a large 
proportion of processing, even though in recent years, 
the processing of frozen Nile perch has been expanding 
very rapidly. In 1987, of the 87,000 metric tonnes of 
Nile perch produced in the country, less than a quarter 
.was processed into frozen fillets for the export market 
(Tettey, 1988). The bulk was cured prior to 
utilisation, although a small amount was sold in fresh 
form. This indicates the importance of traditional 
processing in the domestic economy. 
Traditional processing is carried out at most landing 
beaches, especially those 
vehicles, due to poor roads. 
refrigerated trucks go to 
inacc~ssible to refrigerated 
Even at the beaches where 
collect Nile perch for 
filleting, traditional processing is carried out, though 
to a lesser extent. Table 24 indicates·the quantity of 
traditional processing carried out at the beaches that 
handle refrigerated trucks, during the dry season of 1989. 
During the month of March, when the survey was carried 
out, the weather is usually dry and the beaches shown in 
Table 24 are easily accessible to trucks. However, during 
the wet season (April to July and September to November), 
the roads become impassable and consequently traditional 
processing becomes very important, although sometimes it 
is difficult to operate smoking kiln during heavy 
downpours. The rainy season also .corresponds with the 
period that the highest catches of Nile perch are made. 
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Table 24: Incidence of processing methods of Nile perch used at 
Landing beaches surveyed during March 1989 (AEEendix 4 ) 
Landing Filleting Smoking Frying Fresh Sun-drying 
beach & freezing 
% % % % % 
Kaloka - 19 52 29 0 
Dunga 71 - 21 8 0 
Wichlum 75 12 6 7 0 
Uhanya 91 4 2 3 0 
Sindo 87 4 1 8 0 
The quanti ties of fish used for each processing method and those 
sold fresh are expressed as percentages of the total landings at 
each beach. 
Table 25: Percentages of Erocessors that Sun-dry Nile Eerch 
before or after Erocessing 
Processors that dry Nile Perch ( %) 
--
District No. of Before After Before After 
Proc. Smoking Smoking Frying Frying 
Int. 
Kisumu 42 4 (10) 
- 10 (24 ) -
South 84 81 (96) 21 (25) 56 (66) 5 (6) 
Nyanza 
, 
The figures in parenthesis represent percentages of processors 
interviewed. 
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4.1.2.1 Fish preparation 
Large Nile ·perch are split open, eviscerated and cleaned 
using Lake water. They are then cut into sections of 
approximately 1 kg if they are destined for smoking or 
into approximately 0.5 kg if they are for frying. The 
smaller perch are processed whole, head on and sometimes 
ungutted. 
The fish whenever possible, are allowed to dry in the 
sun for 1-2 hours before smoking. Table 25 shows that 
sun-drying before smoking is carried out more frequently 
in South Nyanza than in Kisumu district. The South 
Nyanza processors reported they sun. dried Nile perch 
before processing to reduce superficial moisture. Sixty 
six per cent of those processors who dry Nile perch 
before frying stated they did so to avoid water dripping 
into the hot oil while frying. Most of the Kisumu 
district processors interviewed, however, said they did 
not dry their fish before processing. The four (10%) 
who sometimes did so, said they only dry before the 
process if they bought the fish early in the day and had 
to wait for the appropriate time for processing, which 
is usually about 4 p.m. in the evening. 
In both districts, little sun drying is carried out 
after processing (Table 25). 
-~-
The Nile perch that were 
the 1987 and 1989 surveys 
landed at the beaches during 
ranged between 2-20 kg with 
The processors buy the fish 
society. Fish is sometimes 
average 
from 
sizes of ~-10 kg. 
the co-operative 
rationed when the demand from traders is high which 
occurs mainly during the rainy season. 
4.1.2.2 Smoking 
The survey showed that it costs between Ksh 3,000 
4,000 to construct 1.5 m x 3 m x 2 m rectangular smoking 
oven and acquire basic fish smoking items. This is in 
agreement with Tettey's findings (1988'. The kiln is 
constructed of mud reinforced with cowdung spread over 
wooden structures (Plate 3'. 
Almost all (approx. 90%, the operational costs go into 
the purchase of raw fish and firewood (see section 
4.1.3.7'. 
The fish are loaded into the smoking kiln by arranging 
them on several wire mesh trays. A kiln can take 
several 
smoking 
90-150 
trays, but usually 3-4 trays are used for each 
process. The smoking kiln capacity is between 
kg of fish per batch. The kiln is covered with 
papyrus mats or iron sheets, during the smoking process. 
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The fish is smoked for about 4-5 hours in the evening 
and left to cool off overnight in the kiln. The 
following day, the fish are turned and re-arranged 
individually, so that the least smoked fish are placed 
further away from the fire. The trays are also 
re-arranged with the top tray brought to the bottom and 
vice versa. The smoking process is repeated for another 
4-5 hours or until all fish are properly smoked. During 
the process, constant supervision by the processor is 
necessary to replenish fuel as well as to control any 
flame outbursts. 
Table 26 shows the different types of firewood used in 
the two districts and their popularity. According to 
the survey, firewood from Acacia trees is preferred by 
processors in both districts for the pleasant flavour it 
imparts on the smoked fish. Balanities aegyptiaca 
(othoo) tree is the most abundant firewood tree 
available in both districts and therefore' a high 
percentage of processors use it (Table 26). 
The general views of processors interviewed indicated 
that the smoked product has an ambient storage life of 
3-4 weeks in the dry season and 1-2 weeks or less in the 
wet season. Similar observations 
Tanzania, where storage life in 
were reported in 
the dry season was 
reported as 4 weeks which was reduced to 2-3 weeks in 
wet season (Rogers, 1988). Smoking is particularly 
popular in areas that are remote from marketing centres. 
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Table 26: Different types of firewood used by processors for 
smoking in Kisumu and South Nyanza 
Percentage of processors using 
Type of fi rewood/fuel that type of fuel 
Kisumu District South Nyanza District" 
othoo (Balanites 100 90.4 
aegyptiaca) 
Keyo (Combretum 87.5 2.3 
molle) 
Ale (Acacia seyal) 31.3 97.6 
POwo (Grewia 18.8 -
trichocarpa) 
Oriang' (Acacia 6.3 
-
hockii) 
Dwele (Melia 6.3 
-
azedarach) 
Ng'owo (Ficus - 13 
capensis) 
Sangla (Clerodendrum - 10 
myri"coides) 
Adugo (Acacia 
- 2.3 
drepanolobium) 
Sale (Acacia - 8.3 
drepanolobi urn), 
Cowdung - 31. 3 
.' 
Total number of processers interviewed was 126. The names of 
trees are in local language (dhaluo) and botanical nomenclature 
in parenthesis. 
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4.1.2.3 Frying 
According to the present survey, frying of Nile perch in 
its own oil is a popular preservation method especially 
in areas that are closer to major marketing centres. 
The fried product has an ambient storage life of 3-7 
day~ depending on the season, and is reduced to ,3-4 days 
in wet season. This concurs with findings that storage 
life of fried Nile perch in Tanzania is 7 days in the 
dry season and 4 days in the wet season (Rogers, 1988). 
It was observed that after preparation, the Nile perch 
are fried in hot oil in large shallow metal pans over an 
open wood fire. It takes about 30 minutes to complete 
the frying process. The fish during the process are 
turned with a wide perforated metal spoon ,until they are 
crispy golden brown. The flesh is well cooked after the 
process and can be consumed without further cooking. 
4.1.2.4 Sun-drying, 
It was only at Karungu beach in South Nyanza (Map 2) 
that a few processors were found drying Nile perch. 
Only the small Nile perch « 1 kg) were sun dried. The 
drying process took 1-2 weeks during the dry season. 
According to processors, no attempts are made to dry 
Nile perch during wet season. 
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The gutted Nile perch are split open, cleaned and spread 
on. the mats to dry in the sun. One processor indicated 
that he sprinkled a little salt before drying, to 'avoid 
infestation by blowfly maggots. According to his 
observations, although eggs were laid on the drying fish 
by blowflies, they did not usually develop into maggots 
and if maggots appeared, they usually shrivelled and 
died. 
The sun dried products are sold to consumers at the 
beach, and seem popular. The processors' reasons for 
not venturing into a larger .scale production despite 
apparent popularity of the product is that the process 
is time consuming and ~he small Nile perch are not 
readily available. Acording to processors, the storage 
life of the sun dried products is 1-2 months. 
4.1.2.5 packaging and storage 
Cured fish are packed in huge loosely woven papyrus 
baskets and example of small size of these are shown in 
plate 5. Fish are transported to markets and stored in 
the same baskets, which offer no protection against 
dust, rain, insects or rodents. Th'e mode of transport 
is usually buses, bicycles and trains. When the cured 
fish are not collected due to lack of transport or 
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buyers, the processor stores the fish in the same 
baskets on the earthen floor in the dwelling house or an 
outer house. The wholesale" dealer similarly stores 
unsold fish in these baskets. 
4.1. 3 Problems experienced by processors 
Several spoilage factors cause damage to the cured Nile 
perch and therefore result in both physical and 
financial losses to the processor (Table 27). 
Table 27: Types and agents of spoilage of Nile perch reported 
by processors 
I Types of i Spoilage agents Percentage Comments 
cured Nile of processors 
Perch indicating 
problems 
Smoked Blowfly larvae 20 Mainly when 
lightly smoked 
Moulds 77 
Fragmentation 61 Mainly when 
oversmoked 
Fried Blowfly larvae 78 
Moulds 20 
Fragmentation" 20 
Sun-dried Beetles 20 
, 
" 
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4.1.3.1 Insect infestation 
Of the two types .of insects causing spoilage to cured 
fish, blowfly larvae cause the most concern to the 
processors (Table 27). Beetles, according to processors 
cause damage only to sun-dried Nile perch, a product 
that is not available in large quantities (Table 23). 
Blowfly larvae cause damage mainly to fried Nile perch. 
They can also cause considerable damage to undersmoked 
fish. The fish that appeared more prone to blowfly 
larvae attack during the field observations, were those 
with moist flesh and most of fried Nile perch flesh 
appeared moist. 
Once the cured· product has been infested by blowfly 
larvae, it is rendered useless and has to be discarded. 
This was reported by processors and was also observed 
during the survey. The traders would not buy infested 
product, and therefore the processor experiences 
financial losses. During the wet season, losses can be 
total, ~specially if impassable roads prevent the fish 
from being collected quickly. According to the 
processors interviewed, the fish tend to become damp and 
susceptible to blowfly infestation during this period. 
-----------,----------~------c____c--------... -
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The processors indicated that the blowflies are present 
throughout the year, with peak activity during the long 
rainy season April to July. This coincides with the 
period when the Nile perch is most abundant and 
distribution is most difficult. 
It was reported during this survey that heavy losses of 
cured Nile perch from blowfly infestation are 
consequently experienced by processors during this 
period. The processors also indicated that the blowfly 
larvae become apparent 3-4 days after the end of 
processing in fried Nile perch and after 7-10 days in 
smoked fish. 
Beetle infestation was reported only by processors of 
sun-dried Nile perch who observed that the beetles 
attack the fish after 4 weeks of storage. The problem 
of beetle infestation was not reported by any processors 
of smoked and fried Nile perch. This is presumably 
because either the fish are collected before the onset 
of beetle infestation and/or during the wet season (when 
'the fish take time to be collected), the fish are too 
moist for the beetle attack. This concurs with the 
findings that moisture contents between 13 and 16% were 
most conducive to beetle infestation (Osuji, 1973). 
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4.1.3.2 Moulds 
Moulds attack both smoked and fried Nile perch (Table 
27). The processors interviewed indicated that moulds 
are more common in smoked than in fried Nile perch. 
This presumably is due to the short storage life of 
fried Nile 
(microbial 
before the 
perch, where spoilage from other factors 
and blowfly larvae) render the fish useless 
onset of moulds. According to all the 
processors interviewed, the moulds attack damp fish 
within the first week of storage. 
All the. processors interview,ed, indicated that moulds do 
not cause serious financial losses in smoked products, 
since ~heycan easily be cleaned off with a wet sponge 
if contamination is superficial. It is only when they 
cause discoloration by penetrating the flesh that the 
processor experiences financial losses by having to sell 
the mouldy fish at a cheaper price, or sometimes 
discarding them. 
If . the fish are collected within two weeks after 
processing, the processors indicated that they overcome 
the mould problem by re-smoking the fish. However, 
during the wet season, re-smoking may prove too 
expensive, since the product may remain with the 
processors for a long period (upto 4-5 weeks) before 
being collected. Therefore in certain situations the 
processor may lose all his cured fish. 
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4.1.3.3 Fragmentation 
Fragmentation occurs in both smoked and fried Nile perch 
(Table 27) especially during handling, transportation 
and storage. 
used as raw 
However, when Nile perch of low quality is 
material for smoking or frying, the 
processors reported that fragmentation is significant 
'during processing as well. 
When good quality fish is used as raw material, it was 
the opinion of all the processors that the final product 
of cured fish is usually firm and fetches good prices. 
Fragmented cured products result in financial losses. to 
the processor, because he has to sell the fragmented 
pieces at lower prices than whole pieces. There are 
also physical losses due to loss in weight of cured 
pieces as a result of loss of small fragments. 
4.1.3.5 Firewood availability 
The shortage of firewood is presently causing much 
concern to the processors in Kenya. Similar 
observations were reported in Tanzania (Rogers et al., 
1989) and Uganda (Masette, 1990). In an effort to 
prevent desertification, the Kenyan Government has in 
recent years prohibited cutting of some trees from 
certain areas. This has made firewood both scarce and 
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expensive, which in turn has made the smoking process 
more expensive. The firewood is often collected a long 
way (up to 20-30 km) from the landing beaches. 
The types of firewood preferred differed from one 
district to another (Table 26), perhaps due to 
availability. However, all the processors inter~iewed 
indicated that they preferred to use certain species of 
firewood when available because they impart pleasant 
smoke flavour to the fish. In the absence of firewood, 
some processors in South Nyanza district use dry cowdung 
as fuel for smoking. Out of 84 processors interviewed, 
31% resort to using cowdung (Table 26). 
In Kisumu district, more processors 
smoke Nile perch (Table 23). This is 
fry rather than 
partly due to 
firewood shortage and partly due to proximity to Kisumu 
town. Any type of fuel, including fish wastes can be 
used for frying, whereas smoking requires specific types 
of firewood. Marketing fried Nile perch, which is very 
perishable (-3-7 days ambient storage life), is quick and 
easy from Kisumu town due to all weather roads and 
railway connections to other marketing centres. 
4.1.3.6 Charring 
The control of the fire in traditional kiln~ is very 
poor, and therefore fat sometimes drips into the fire 
causing an outburst of flames. These flames may set the 
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fish alight and burn the whole batch if the operator is 
not nearby and ready to dowse the flames. Although the 
fish as well as the kiln burn occasionally, this is not 
a common occurrence due to the operators full time 
su~ervision throughout the process. This makes 
traditional smoking a laborious, tedious and labour 
intensive process. 
4.1.3.7 Financial returns 
The processors profit margin is usually very small, and 
sometimes he may even operate at a loss. When fish is 
scarce and demand is high especially during the dry 
season, the raw fish prices go up making.the operational 
costs higher. Escalating firewood prices also make the 
smoking process more expensive which is not necessarily 
reflected in the prices obtained for the cured product. 
Processors are usually either illiterate or 
semi-illiterate and therefore do not keep any records of 
operational costs or profits. A case study from one 
processor at Wich1um beach in 1989 during a smoking 
process showed the results over1e~f: 
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ITEM TOTAL AMOUNT 
(KSH) 
Operational· costs 
Purchase of 110 kg of fish (36 fish) @ 6 Ksh/kg 660 
Labour (fish preparation) @ 1 Ksh/fish 36 
Firewood 10 bundles @ 5 Ksh/bundle 50 
Total . . . . . . . . . . . . 746 
Sale of 72 pieces of fish @ 12 Ksh/piece 864 
Profit . . . . . . . . . . . . . . . . . . . . 118 
Baskets for packaging are recycled and therefore are not 
included in the day to day operational cost, although 
they require replacement from time to time. The kiln is 
an initial capital investment (see section 4.1.2.2) but 
requires repairs now and again, and this adds to the 
operation costs for processor, thereby reducing this 
profits even further. An average of 3 or 4 processing 
-operations are usually carried out per-week, but the 
number varies considerably. 
The number of processing operations depend largely on 
availabili ty of buyers of the finished product. 
Availability of raw fish, and the cash for operation 
costs also influence the n-umber of operations. There 
are no credit facilities available for processors. 
4.1. 4 
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Summary 
From the observations and interviews made during the 
survey of processors, it was apparent that smoking and 
frying of Nile perch are the most important curing 
methods in the areas surveyed. Nile perch are cured in 
these areas primarily for preservation as well as for 
flavour. 
A major problem facing processors at the moment is the 
firewood shortage. During the rainy season, the highest 
landings of Nile perch are realised, but fresh fish 
cannot be easily collected due to impassable roads. 
'Curlng processes therefore become vital during this 
period, although sometimes firewood may be difficult to 
obtain in some processing sites due to impassable roads. 
A similar problem has been reported in Tanzania (Rogers, 
et al., 1989). 
During the rainy season, the storage life of both fried 
and· smoked Nile perch is reduced to 3-4 days and 1-2 
weeks respectively. The major spoilage problems during 
this period are blowfly larvae infestation and moulds. 
The processors reported that the blowflies appear to be 
more abundant during the rainy season. It is thus 
during the wet season that greatest problems and losses 
are experienced by processors. 
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During the dry season, losses of cured products appear 
to be minimal. This was also observed in Tanzania 
(Rogers, 1988). 
4.2 Field survey of cured fish traders and consumers 
4.2.1 
Of a total of 70 traders interviewed, 73% dealt with 
Nile perch (Table 28). The 27% who did not deal with 
Nile perch at all, dealt with other fish species, e.g. 
Tilapia, Rastrineobola argentea, Protopterus, etc. 34% 
of the Nile perch dealers also traded with Tilapia but 
39% dealt exclusively with Nile perch. 
Table 29 summarises the traders preferences in dealing 
with different types of Nile perch products. According 
to the survey, smoked Nile perch is the most popular 
product. 
Wholesale fish traders 
The wholesale trader buys his 
directly from the processor 
cured fish merchandise 
and transports it to a 
wholesale market, where he sells his products to 
retailers. The trader uses public transport, e.g. buses 
and pick-ups to transport fish from the beaches to 
marketing centres. 
is usually hired 
At the bus destination, a hand cart 
to carry the fish to a wholesale 
market, where they are sold to retailers. The sale of 
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Table 28: Types of cured fish products dealt with by traders 
Type of fish Number of traders Percentage 
Nile perch 51 73 
Tilapia , 50 71 
Nile perch and Tilapia I 24 34 
Nile perch (exclusively) 27 39 
Others (but not Nile 19 27 
perch) 
70 traders were interviewed. 
Table 29: Types of Nile perch dealt with by Nile perch traders 
-Type of Nile perch Number of traders Percentage 
Smoked 29 57 
Fried 20 37 
Fresh 18 35 
Sun-dried 4 8 
. 
- -----
-
51 traders of Nile perch were interviewed. 
4.2.2· 
4.2.3 
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fish usually takes 1-2 days. Transporting the fish from 
the processor to the wholesale market takes between 2-7 
days depending on the place of origin, mode of transport 
and the destination. 
A study of 5 Nile perch traders in Kenya show~d gross 
monthly average earnings of Ksh 4,000 with an 'average of 
12 working days (Ogutu, 1988). 
Retail fish traders 
These traders buy Nile perch from the wholesale market 
at wholesale prices. A small profit margin which was 
reported as 1-2 ksh/piece is allowed by the wholesale 
trader during purchase. The retail tra·derbuys enough 
fish to last him for 4-5 days. . In most towns where 
cured fish is sold, e.g. Nairobi, Kisumu, Mombasa, etc. 
there is usually one wholesale market for cured fish, 
where retail fish traders from smaller markets'converge 
to buy their fish. 
Consumers 
The 143 consumers interviewed were those found in retail 
markets that sell . both fresh and cured fish. Of the 
consumers interviewed, both in Kisumu and Nairobi, there 
was equal preference for Tilapia and Nile perch (52% in 
both cases), with both fresh and processed Nile perch 
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being consumed (Table 30). This implies that consumers 
have eventually come to accept Nile perch after the 
initial rejection in the early eighties, when Nile perch 
started appearing in markets. 
The Nile perch is much cheaper than Tilapia (Table 17) 
and by learning how to. prepare it, the consumers have 
come to like the fish. 
Table 30: Consumer preference for different types of Nile perch 
Types of Nile perch Number of Consumers percentage 
, 
Smoked (whole, split 45 32 
or sections) 
Fresh fillets 40 28 
Fried 24 17 
Fresh whole 24 17 
Fresh sections 5 4 
Sun-dried 2 1 
" 
114 consumers of Nile perch were interviewed 
The majority (52%) of consumers interviewed belonged to 
the Luo tribe of Lake Victoria region (Table 31). The 
up-country tribes are not particularly fond of cured 
fish. From the observations made during the survey, it 
was apparent that most of the up-country tribes prefer 
-
! 
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Table 31: Tribal origin of the consumers interviewed 
Tribe 'Number Percentage 
Luo 74 52 
Kikuyu 17 12 
Luhya 16 11 
Kamba 10 7 
Somali 7 5 
Kisii 4 3 
others 15 10 
143 consumers were interviewed. 
Table 32: Complaints given by cured fish consumers who do 'not 
consume Nile perch 
Type of complaint Number of complainants Percentage 
Bad or Strong smell 22 55 
Too oily 10 25 
Bad taste 6 15 
Allergic reactions' 5 13 
40 complainants were interviewed. 
4.2.4 
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fresh Nile perch fillets to cured Nile perch. The most 
popular type of Nile perch was found to be smoked 
(whole, split or sections), followed by fresh fillets 
(Table 30). 
Twenty nine of 
they did not 
the consumers (20%) interviewed, 
buy or consume Nile perch at all. 
said 
The 
reasons given for disliking the fish were many and 
varied (Table 32). 
All cured fish consumers interviewed indicated that they 
buy 6ured fish only from fish markets. Cured fish are 
not sold in supermarkets. 
spoilage problems faced by cured fish traders and 
consumers 
Table 33 and 34 summarises different types of spoilage 
encountered by traders and co'nsumers respectively. 
4.2.4.1 Insect infestation 
During 
fried 
the survey, 
and smoked) 
five Nile perch wholesalers 
interviewed indicated that 
(both 
they 
occasionally experience heavy losses from blowfly larvae 
infestation during wet seasons and when the fish are not 
properly smoked. On a few occasions the traders have 
been forced to throwaway the whole of their consignment 
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Table 33: Types of spoilage experienced by Nile perch traders 
Type of spoilage Types of fish No. that re.ported % 
affected spoilage 
Microbiological Fresh under- 36 73 
(putrid) smoked 
Fragmentation Fried 30 59 
smoked 
Moulds Smoked 21 41 
fried 
Blowfly larvae Smoked 10 20 
fried 
Beetles Sundried 5 11 
51 Nile perch traders were interviewed. 
Table 34:. Types of spoilage that have been noticed by consumers 
in purchased Nile perch 
Percentage of consumers that reported 
spoilage factors 
Type of Nile 
.' 
perch purchased Putrid Moulds Maggots Off-flavour None 
Smoked 11 4 16 22 53 
Fried 13 8 21 25 54 
Fresh 16 0 2 25 55 
114 Nile perch consumers were interviewed. 
-
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due to larval infestation since no retailer would buy 
infested fish. The blowfly problem is rarely 
experienced during the dry season, according to· 
wholesale traders, although sometimes fried Nile perch 
may be affected. The wholesale traders believe that 
blowfly .eggs are laid on the fish either at the 
processing site during storage or during transportation 
and pass unnoticed while purchasing. However, larvae 
develop before the wholesaler sells his consignment to 
retailers and therefore experiences losses. Infestation 
by blowfly larvae therefore causes both physical and 
financial losses to the wholesale trader since all the 
affected pieces have to be discarded. 
The retail trader chooses his fish carefully avoiding 
fish with visible larvae or eggs. However, he too may 
suffer losses if the fish he buys are moist with eggs or 
larvae hidden under crevices, because consumers will not 
buy infested fish. 
About 65% of consumers interviewed claimed that they 
could easily detect bad Nile perch before purchasing. 
This would therefore explain why most consumers did not 
complain about any fish they purchased. However, at one 
time or another some consumers noticed some spoilage in 
. the .Nile perch they had purchased. Table 34 shows the 
spoilage factors that had been encountered by consumers, 
in different types of fish purchased. 
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The off-flavour factor may be due to rancidity since the 
Nile perch is a fatty fish. Some consumers complained 
that on a few occasions when they bought smoked Nile 
perch, especially that which had been smoked whole, 
whilst it appeared wholesome, it was infested with 
larvae inside. rhe consumers cannot return the fish to 
the retailer even if itis found to be spoilt, since no 
receipts ~re issued on purchase. Therefore the consumer 
has to throwaway the fish and bear the loss. 
4.2.4.2 Moulds 
According. to wholesale and retail Nile perch dealers 
interviewed, and from observations made during the 
survey, moulds do not seem to present a serious problem 
if they are superficial (Table 33). They are cleaned 
easily using a wet sponge. However, presence of moulds 
can cause some financial losses to the traders because 
the mouldy piecas are· usually sold at cheaper prices 
than wholesome pieces. Mould problems are not 
experienced by consumers because they stated that they 
would not buy visibi1y mouldy fish as mouldy fish tastes 
bitter when cooked. 
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4.2.4.3 Fragmentation 
4.2.5 
Due to modes of packaging, handling and transportation, 
smoked and fried Nile perch crumble easily. 
Consequently fragmentation causes financial losses to 
dealers, especially wholesale traders as fragmented 
pieces .fetch less money than whole pieces. 
Fragmentation also causes physical losses due to reduced 
weight and size of the remaining pieces. When cured 
Nile perch take a long time to be sold, the unpacking 
and re-packing each day, together with consumer handling 
while choosing, appear to cause heavy fragmentation and 
therefore losses to the retailer. These observations 
were made during the survey. 
-
Summary 
It is apparent from the survey that Nile perch 
who'lesalers claim to suffer appreciable financial losses 
during the wet season. The wholesale traders handle a 
lot of fish and therefore may not notice spoilage while 
buying the fish, but this tends to be noticed by retail 
traders who would normally not buy bad Nile perch. The 
major spoilage factors are moulds and blowfly larvae for 
both smoked and fried Nile perch especially during the 
wet season. Losses to traders appear to be minimal 
during dry season. 
4.3 
4.3.1 
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According to the survey, the consumers seemed well aware 
of good cured Nile perch and therefore do not experience 
serious losses. The major consumers of cured Nile perch 
belong to the Luo tribe, possibly due to the fact that 
they originate from the Lake region where curing has 
been practised for generations. 
Market samples 
Proximate composition 
Table 35 summarises the proximate composition of smoked 
and sun dried Nile perch samples obtained from Nairobi 
fish market. The sun dried Nile perch samples had 
significantly lower moisture contents (12%) compared 
with the whole and split smoked products (p<O.OOl and 
0.025 respectively, student t-test). The smoked whole 
Nile perch had the highest moisture content (26%) and 
water activity (0.88) of the smoked products. The 
smoked sections had the lowest moisture content (13%) of 
the three smoked products (Table 35). These results are 
probably due to the size of the samples, the smaller 
ones (those with a bigger surface area: volume ratio), 
drying better than the other smoked products. 
It would also appear from these results that the bigger 
the Nile perch, the higher the fat content as reflected 
in the 'smoked section amples, which were originally part 
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Table 35: Proximate corn sition and water activit of different t s of cured 
Nile perch flesh purc ased from Gikomba mar et ~n Na~robi 
Smoked Smoked Sundried Smoked 
whole split strips sections 
A B A B A B A B 
Moisture content 24.8 27.7 19.21 20.4 12.7 11.7 13.0 13.0 
, 
% (0.8) (1.7) (6.9): (6.1) (1) (0.2) (0.6) (0.6) 
I I . , 
I I Protein content I I I 
66.8 I % w.w.h. 63.8 64.1 65.8 1 83.8 83.7 67.2 69.5 I 
(1) (0.9) (2) ! (5.9) i (1.7) (2) (0) (0.9) 
I 88.7 I I d.w.b. 84.8 , 81.4 I 83.9 I 96.0 95.1 77.2 79.9 I 
i 
Fat content 
6.9 I % w.w.h. 2.7 2.9 6.0 4.6 3.0 15 15.4 
(0.5) (0.5) (4.3)1 (4.3)1 (2.1 )1 (0.5) (1.2) (0.9) 
d.w.b. 3.6 4.0 .. 8.5 7.5 5.3 3.4 17.2 17.7 
I I 
Ash content 
% w.w.h. 4.5 4.7 8.6 7.3 5.4 5.2 4.4 4.8 
(0.8) (2.0) (4.6) (4.4) (0.2) (0.3) (0.3) (0.8) 
d.w.b. 6.0 6.5 10.6 
I 
9.2 6.2 5.9 5.0 5.5 
Salt content I 
% w.w.b. 2.6 2.5 1.8 1.4 3.2 4.3 1.2 1.6 
(0.1) (0.8) (0.1) (0.9) (1.1) (1.4) (0.1) . (0.3) 
d.w.b. 3.5 3.5 2.2 1.8 3.7 4.9 1.4 1.8 
water activity 0.88 I 0.89 0.76 0.79 0.47 0.44 0.67 0.66 
(0.02) (0.01) (0.09) (0.09) (0) (0.02) (0.01) (0) . 
1. A and B represent samples of each type of cure. 
2. Figures represent the mean of three determinations. 
3. Figures in parenthesis indicate standard deviations. 
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of a mid-section of a large Nile perch. This concurs 
with the observations of Ssa1i (1988), Kizza (1989) and 
werimo (1988). 
The sun dried Nile perch appears to have a higher 
, 
protein content (dwb) compared with the smoked fish 
(Table 35). 
4.3.2 Spoilage factors 
4.3.2.1 Moulds 
Moulds were found in two smoked samples of Nile perch 
(whole and split). No moulds were found in smoked 
sections and sun dried Nile perch which had average 
moisture contents and water activities of 13%, 12.2% and 
0.66 and 0.46 respectively. waterman (1976) reported 
that moulds stopped growing at 15% moisture content. 
Similarly FAO (1981) reported that storage moulds cannot 
grow at a water activity of less than 0.7 although 
xerophilic moulds can grow at a water activity of 0.65. 
Moulds from smoked samples were identified as: 
Aspergillus fumigatus 
Aspergillus ochraceus 
Fusarium spp. 
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No aflatoxins were found in any of the mould samples 
analysed. The isolated mould species in the smoked fish 
are not known to produce aflatoxins, although certain 
strains of A. ochraceus, whose minimum water activity 
for growth is about 0.76, can sometimes produce toxins 
penicillic acid and ochratoxin in dried foodstuffs with 
minimal water activities of 0.8B 'and 0.85 respectively 
(Bacon et al., 1973). 
Mouldy Nile perch may therefore not present a serious 
health problem to consumers due to aflatoxins. However, 
mould growth over the surface of the fish may cause an 
increase in surface moisture due to the release of water 
during metabolism (Poulter, 1980a). This enables 
micro-organisms, which were previously inhibited by low 
water activity, to grow and spoil the fish. The onset 
of moulds is therefore detrimental to storage life of 
cured fish products (Poulter, 1980a). 
" 
4.3.2.2 Beetles 
Beetles and their larvae were found in sun dried strips 
of Nile perch. These strips had very low moisture 
contents (average 12.2%) and water activity (average 
0.67) (Table 35). Low moisture contents of cured 
products, between 13% and 16% have been found to be very 
conducive to beetle infestation (Osuji, 1973). 
Dermestes maculatus (Degeer) was isolated from the sun 
dried samples of Nile perch and identified. 
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4.3.2.3 Blowfly larvae 
These were found in three samples of whole smoked Nile 
perch that were collected from the market. Although two 
species of blowfly maggots were identified, Lucilia 
cuprina (wiedemann) appeared to be more abundant than 
Chrysomya chloropyga (Wiedemann). The average moisture 
content of the fish from which these maggots ~ere 
isolated was 44% (± 6). 
4.3.2.4 Fragmentation 
4.4 
4.4.1 
Whereas smoked Nile perch (especially that in sections) 
fragmented easily, the sun dried samples appeared to be 
relatively firm. 
Field investigations into the traditional smoking 
process of Nile perch 
Moisture contents and water activities after smoking 
The traditional Kenyan smoki~g process, which is 
generally hot smoking, has the disadvantage of producing 
an unevenly smoked product. This is due to the open 
nature of traditional kilns, where temperatures and 
smoke densities are only crudely controlled (FAO, 1981; 
UNIFEM, 1988). 
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During the field trials it was found that moisture and 
water activites of final products varied greatly from 
fish to fish in the same batch as indicated in Table 36. 
There were even bigger variations in these parameters 
between batches, i.e. fish smoked at different times 
(Table 36). 
The moisture content of the flesh of first batch (A) of 
fish ranged between 12.5 and 39.5% while those of second 
batch (B) ranged between 25.6 and 66.2%. The fish used 
in these. trials were all of similar size, i.e. approx. 
3.5 kg. Results of these trials also indicated that the 
head sections of the Nile perch generally had higher 
moisture 
compared 
student 
contents and water activities after smoking, 
with the tail sections (Table 36). Using a 
t-test it was shown that the difference in 
moisture contents of heads and tails of both batches was 
highly significant (p < 0.001). The difference in water 
activities was statistically significant (p < 0.025) 
only in batch B. 
These higher moisture contents of head sections may have 
contributed to the earlier onset of spoilage agents 
(moulds and maggots) on the head region compared with 
the tail. This is discussed in section 4.5.4. 
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Table 36: Moisture contents and water activities of Nile perch 
flesh smoked at different times 
Moisture content% water activity 
Fish Batch Fish Batch 
Part of the 
fish A B A B 
.. 
Head sections 28 46.4 0.79 0.91 
(10;4) ( 11. 2) (0.08) (0.03) 
Tail sections 18.8 33.0 0.73 0.83 
(3.4) ( 7 .9) (0.03) (0.06) 
Whole fish 23.4 41.9 0.76 0.87 
(9.0) (13.8) (0.08) (0.06) 
1. 'A and B represent different batches of Nile perch smoked at 
different times. 
2. The figures a're means of 12 determinations (determinations in 
duplicate on 6 different fish). 
3. Figures in parenthesis represent standard deviations. 
4.4.2 Physical losses 
These generally refer to the weight loss, which may be 
attributed to fragmentation or charring of fish during 
the smoking process (and insect infestation during 
storage) rather than to moisture loss. The weight and 
moisture losses during field trials are shown in Table 
37. 
_ 173 -' 
Although the fresh fish are purchased by weight (Ksh/kg) 
from the fishermen's co-operative societies in Kenya, 
the processed fish is sold by pieces (Ksh/piece). The 
physical losses due to weight reduction as a result of 
moisture loss after processing may not therefore have a 
serious effect on financial losses of the processor (see 
section 4.1.3.7). It is orily when the fish are heavily 
fragmented or charred during process, that the processor 
may suffer reduced profits by selling the low quality 
pieces at very reduced prices. 
Table 37: Physical and nutritional changes due to smoking process 
Total wt. Moisture Protein cont. Lipid cont. 
of fish content of of flesh in flesh . 
(kg) flesh % (% dwb) . (% dwb) 
Fresh Nile 3.5 77.5 77 .3 21.1 
perch (0.3) (0.6) ( 3 ) (5.2) 
Smoked Nile 1.1 31.1 69.3 19.2 
perch (0.2) ( 4.8 ) (8.1) ( 4 .2) 
% decrease 68.6 59.9 10.3 9 
The figures in parenthesis represent standard deviations of means 
of 12 determinations. 
4.4.3 
4.4.4 
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Nutritional losses during smoking 
Some protein and lipid were lost during the smoking 
process as indicated by the reduction in percentage 
contents on dwb (Table 37). The loss of protein may 
have been at least partly due to some smoked fish being 
charred during the process. Tarr (1962), Aitken ahd 
Connell (1979), Clucas (1979) and Hoffman et al. (1977), 
have shown that excessive heat treatment and charring 
during smoking may also impair and/or damage nutritional 
value of fish proteins. 
Lipid was also lost after smoking Nile perch, probably 
due to melting lipid dripping away during the smoking 
process. 
Salt content of brined Nile Perch 
Figure 12 shows the general trend of salt content in 
Nile perch flesh after brining in different salt 
concentrations '. Salt content of brined fish increased 
after smoking when expressed on wet weight basis, but 
decreased on a dry weight basis (Figure 12). The total 
amount of salt in the fish flesh was found to decrease 
when the Nile perch were smoked (Table 38). A loss of 
around 50% in brined samples was noted. This is 
probably due to salt crystallising because of moisture 
reduction after smoking and therefore being lost 
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Fig.12: Effect of smoking on salt content of 
brined Nile perch flesh. 
Salt content (%) 
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physically from the surface. The formation of salt 
crystals on the surface of brined fish was observed 
during the sun drying before smoking and also after the 
smoking process. 
Table 38: Total salt content of brined Nile perch before and 
after smoking 
Brine conc. Total salt before Total salt after % loss 
% smoking (g) smoking (g) 
0 18.1 18.0 0.6 
10 172.8 73.2 57.6 
15 247.5 118.8 52.0 
20 319.2 162.5 49.1 
25 336.0 161.2 52.0 
, I 
.•. 
This is based on the salt content of the flesh, and assumes equal 
concentration in other parts of the fish. 
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4.5 Field investigations into the effect of salt treatments 
on Nile perch during smoking and storage 
4.5.1 Moisture content and water activity 
Overnight salting with 15% brine significantly reduced 
the moisture content and water activities of fresh fish 
from 77.5% and ~.99 ~o 74.5% and 0.95 respectively (p < 
0.001 and p < 0.005, respectively, studentt-test), as 
shown in Table 39. 
The salted fish still appeared fresh after overnight 
brining, compared with unsalted fish which had 
deteriorated as a result of microbial spoilage. 
Although some osmotolerant bacteria can cause spoilage 
,below a water activity of 0.95, those responsible for 
spoilage of fresh fish require a higher water activity 
of about 0.98 for rapid growth (FAO, 1981). The water 
activity in the case of salted fish in these trials was 
reduced to 0.95 (Table 39) and this might have inhibited 
bacterial growth. 
Salting and smoking further reduced water activity to 
0.76, whereas smoking without salting reduced it to 
0.91. The difference was statistically significant (p. 
< 0.005, student t-test). Additional salt lowers the 
water activity, and this explains why salted fresh and 
smoked fish had lower water 'activity compared with 
unsalted fish. However, the water activity did not 
decrease significantly with increase . in salt 
concentrations from 15 to 25% (Table 40). 
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Table"39: Proximate composition and water activit~ of flesh of Nile perch before I 
and after hot smoking I 
I 
Protein Lipid Salt 
Moisture Content % Content % Content % Aw 
Sample Content 
I 
, 
% wwb dwb wwb dwb wwb dwb 
I 
unsalted 77 .5 17.2 77.3 4.7 21.1 0.3 1.3 0.99 
I 
Before (0.6) (0.9) "( 3) (1.2) (5.2) (0) (0) (O~ I 
smoking I 
I 
salted 74.5 17.3 69.5 5.3 11.6 4.3 17 0.95 
Before (1. 3) (0.9) (5.6 ) (2.4) (4.7) (0.9) (3.4) (0.02) 
smoking 
" unsalted 31.1 4B.B 70.B 13.6 19.7 1.2 1.7 0.91 
Hot smoked (4.B) (4.7) (B.1) (3.2) (4.2) (0.2) (0.02) 
, 
Salted 29.B 45.9 " 65.5 B.9 12.7 7.1 10.1 0.76 
Hot smoked (6.4) (3.6) (3.2) (2.8) (4.7) (2.2) (2.4) (0.01) 
-
The figures shown are means of 12 determinations (duplicate on each of 6 fish). 
Figures in parenthesis are standard deviations. " 
, 
, 
The salted and unsalted Nile perch had been immersed in 15 and 0% brine 
concentrations respectively overnight before smoking. 
I 
, 
I 
I 
I 
I 
I 
I 
I 
I 
I 
i 
I 
I 
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Table 40: Effect of brine concentration on moisture and salt contents and 
water activit~ on Nile perch flesh 
Before Smoking After Smoking 
Brine 
conc. Salt content Moisture Aw Salt content Moisture Aw 
% % content % content 
% % 
wwb" dwb wwb dwb 
0 0.45 1.6 78.7 0.99 1.2 2.0 39.9 0.95 
(1.3) (0) (11.8) (0.007) 
10 5.4 22.2 75.7 0.95 6.1 10.8 43.4 0.9 
(0.28) (1.1) (1.1) (0.9) (0.07 (9 ) (0.9) 
15 7.5 26.1 71.3 0.95 9.9 13.5 26.9 0.8 
(0.2) (5.2) (1.9) (3.6) (1.9) (16.8) (0.12) 
-
20 ' 8.4 28.8 68.7 0.95 12.5 16.2 22.8 0.73 
(2.4) (14.5) (0.6 ) (0) (3.3) (15.4) (0.07) 
25 11.2 35'.3 68.3 0.93 12.4 17.4 29.1 0.83 
(2.3) (8.9) (0.5) (0.01) (1.7) (5.8) (12.9) (0.01) 
Figures are means of 4 determinations (duplicate estimates on two fish) 
Figures in parehth.esis represent standard deviation. 
, 
4.5.2 
4.5.3 
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The salt content in the fish flesh after brining, but 
before smoking increase.d with an increase of brine 
concentration used, and the higher the salt content the 
lower the moisture content (Table 40). 
Protein and Lipid contents 
Table 39 shows that salted fish have lower protein and 
lipid contents when expressed on a dwb compared with 
unsalted fish. This is as expected due to the salt 
content of the salted fish. 
Yield 
After 
higher 
(wwb) 
the smoking process, the yield of salted fish was 
35.9% (wwb) than tnat of unsalted fish 29.6% 
(Table 41). The difference was statistically 
significant (student t-test, p < 0.025). 
The higher yield of salted fish compared with unsalted 
fish, may be partly attributed to the fact that salted 
smoked fish tended to fragment less than unsalted, and 
also partly due to salt content, associated with. greater 
retention of water. The salted fish yield was 17% 
higher than unsalted fish (Table 41) but had 11% more 
salt (Table 40). However, the higher yield of unsalted 
fish may not bring any financial benefits to the 
processor since smoked fish in Kenya is sold per piece 
rather than by weight. 
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.Table 41: Yields of unsalted and salted Nile perch after smoking 
Unsalted Salted 
Weight of fresh fish (kg) 3.5 ( 0 • 3) 3.6 ( 0 • 4 ) 
Weight after processing (kg) 1.0 (0.2) 1.3 ( 0.3) 
Moisture in the fish after 31.1 ( 4 .7) 29.8 ( 6 .3) 
processing ( % ) 
Processed yield % (wwb) 29.6 (4.5) 35.9 ( 4 .9) 
Figures are means of 12 determinations (12 fish for yield and 
duplicate determinations on 6 fish for moisture). 
Figures in parenthesis are standard deviations. 
4.5.4 Fragmentation 
Immediately after smoking the Nile perch and also during 
storage, it was noted that the unsalted fish appeared 
more prone to fragmentation than the salted fish. The 
smoked salted fish flesh appeared very firm and much 
more appealing than the unsalted (Plate 6). 
The textural damage of unsalt~d fish flesh was probably 
due to microbial spoilage during overnight immersion in 
water, which may have increased the tendency for the 
final product to fragment (FAO, 1981). Salting 
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denatures protein giving it firmer texture. Mackerel 
protein is denatured completely at 15% salt 
concentration (Akande et al., 1988). 
The firm, less fragmented texture of salted, smoked 
fish, may fetch the processor more money since 
unfragmented pieces of fish tend to be higher priced 
than fragmented pieces in Nigeria (Moes, 1980). 
However, consumer acceptability of salted fish would 
also have to be taken into consideration. 
4.5.5 Insect infestation 
4.5.5.1 Oviposition by flies and larval development 
When the fish were left to dry in the sun after brining, 
it was noted that blowflies crowded on unsalted fish in 
large numbers, but few settled on the salted fish. 
After 2 hours of sun drying, before smoking, egg batches 
were noticed on the head sections of unsalted fish, but 
none on salted fish. The batches of eggs must have been 
destroyed (as would be expected) by smoking process 
since there was no subsequent larvae development on 
these particular sections during initial storage. 
However, after between 5 and 10 days of storage, some 
larvae were observed in 5 smoked fish that had both salt 
contents of 5.2% (wwb) or less and ,moisture contents 
above 42.4% (Table 20). The larvae that appeared 
between 9-10 days on the head sections of unsalted fish 
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and fish on which salt had been sprinkled (whose salt 
content after smoking ranged between 2 and 4.6%) were 
identified as belonging to small flies of the family 
Phoridae. 
All parts of fish where these larvae were found, were 
putrid (Table 42). These flies are reported to lay 
their eggs on decaying animal and vegetable matter 
(Borgmeier, 1969). This would probably explain why the 
maggots of these flies were found in decomposing parts 
of the fish. One fish brined in 10% salt solution 
(whose salt and moisture contents after smoking were 
5.2% (wwb) and 49.7% respectively) was found to have 
maggots on the head region on the fifth day of storage. 
These maggots were reared to adult stage and identified 
as blowfly larvae of Lucilia cuprina (Wied). The same 
species was also found infesting cured fish in Indonesia 
(Esser, et al., 1985). These results imply that the 
'eggs were laid ori the smoked fish after processing and 
most likely during storage. This would be supported by 
reports that under ambient environmental conditions of 
Indonesia, the eggs of L. cuprina hatched within 12 
hours while those of C. megacephala hatched between 6 
and 15 hours (Esser et al., 1985). Meynell (1978a) also 
found that the eggs of Chrysomya species hatched about 
one day after they were laid during the wet seasons in 
Malawi. 
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Table 42: Spoilage agents affecting stored smoked tish and the time of onset 
as observed during field trials on storage 
Type of No. of Part of Salt cont. Moisture cont. Time of Insect 
spoilage fish fish I· range % range % onset density 
affected affected (wwb) (day/Wks) 
Moulds 17 Heads 0.3-8.0 27.9-66.2 4-7 days -
6 Tails 0.3-8.0 . 15.8-25.6 10-43 days -
Fly larvae 6 Heads 1.0-5.2 42.4-66.2 5-10 days Moderate 
(maggots) 
Putd- 6 Heads 1.0-5.2 42.4-66.2 9-12 days -
fication 
Beetles 20 Heads & 0.3-1.4 19.6-27.3 32 days Heavy 
Tails (unsalted) 
.. 
Beetles 9 Heads & 2.0-5.2 14.2-34.4 8 weeks Moderate 
Tails 
Beetles & 20 Heads & 0.3-1.4 17.5-28.3 46 days Heavy 
larvae Tails (unsalted) 
Beetles & 10 Heads & 6.1-8.0 21.6-26.5 12 weeks Moderate 
larvae Tails 
Beetles & 6 . Heads & 10-11.2 22-28.2 20 weeks Low 
larvae Tails 
NOTES 
~ragmentation occured on all stored fish (observed), but the degree varied; 
with the salted fish and those with moisture content above 38% showing lest 
fragmentation. Plate 7 shows fragmentation of salted and unsalted fish 
after 12 weeks storage. 
2. Results .are drawn from observations of 46 individual fish. 
3. Heavy density - Heavy insect infestation that resulted in fish flesh damage 
subjectively estimated to be >25% (plate 8) 
4. Moderate density - Few adult insects and larvae on the fish. Little flesh 
damage 
5'. Low density - Only a few insects and larvae present. Hardly any flesh· 
damage caused «1%) 
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Plate 7: Unsalted smoked (US) and salted smoked (SS) Nile perch after 12 
weeks of storage 
US SS 
Plate 8: Smoked Nile perch showing heavy beetle infestation and flesh 
damage 
The results· of 
Calliphorid and 
contents « 5.2% 
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these trials indicate that the 
phorid larvae may tolerate low .salt 
wwb) 'so long as moisture content is 
high enough to support their growth. This further 
supported the observation that the 16 unsalted fish with 
moisture contents of 39.5% and below were not infested 
with larvae. 
From these results, it appears that moisture content is 
critical to survival and growth of fly maggots, in 
unsalted and lightly salted (upto 5.2% salt content) 
fish products. Moisture contents below 40% appear 
detrimental to larval survival. There is a possibility 
that adults may not lay eggs on the fish with moisture 
contents below 40% when they have a choice of higher 
moisture levels. 
This moisture content concept may not apply to heavily 
salted fish products. McLellan (1963), Green (1967) and 
Mills (1979) noted that blowflies were not attracted to 
salted fish and therefore salted fish did not suffer 
appreciable damage. However, in South East Asia, 
blowflies will feed and reproduce in fish whose salt 
concentration (after processing) is as high as 40% dwb 
(Esser, 1988a; UNIFEM, 1988). Thus salt is not 
effective in controlling blowfly infestation in South 
East Asia (Esser, 1988a). 
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4.5.5.2 Beetle infestation 
Dermestid beetle adults began to appear on all the 
unsalted fish after 32 days of storage. Larvae were 
noticed after 46 days of storage (Table 42). The 
beetles we~e identified as Dermestes maculatus (Degeer). 
Bee'tles attacked 9 salted smoked fish which had salt 
contents 5.2% (wwb) or less (and were unscreened) within 
8 weeks of storage. No beetles or their larvae were 
noticed in fish that had salt contents in excess of 10% 
(wwb), until after 20 weeks of storage (Table 42). 
After the 12 week storage period, the unsalted fish 
flesh had been reduced to dustlike particles, which 
according to Osuji (1973) consists mainly of insect 
excrement (Plate 7). There was little damage to the 
flesh of fish with salt content> 6.1% after 12 weeks of 
storage, probably due to the late onset of the beetles 
(Table 42). This agrees with observations of FAO (1981) 
which reported that although the salted fish may be 
attacked by Dermestes spp. during storage, the losses 
are usually much lower than those of unsalted fish. 
There is a possibility that if the beetle~ are not 
presented with any choice, they would attack and cause 
heavy losses to salted fish. This was found in 
Thailand, 
attacked 
where salted, 
by dermestid 
dried and smoked fish are 
beetles during storage causing 
heavy losses to processors (Hanson and Esser, 1982; 
Rattagool et al., 1988). 
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The density of both beetles and larvae varied inversely 
to the salt content with the fish having the highest 
salt content, showing the least infestation (Table 42). 
plate 8 shows a fish sample with heavy beetle larvae 
infestation. 
The salt content of fish before and after smoking (both 
wwb and dwb) increased with increase in concentrations 
of brine used in the initial soaking (Fig. 12). 
All the smoked fish brined in 20 and 25% that were 
analysed for salt had salt contents above 12.0% (Table 
40). Only 2.out of 11 fish.analysed that were brined in 
15% salt concentration had salt contents of 10% (wwb) 
and above •• The average salt content of the 11 fish (15% 
brine) analysed was 8.0% (±2.0) within a range of 5.2 to 
12.5%. This corresponds with observation that the fish 
brined in 15, 20 and 25% had few or no beetle 
infestation after 12 weeks of storage. Mushi and Chiang 
(1974) and Osuji (1975a) found that larval development 
in D. maculatus was impossible on fish meal with salt 
concentration of 10%. Okumu (1989) demonstrated that a 
salt content of 7% dwb significantly reduced the rate of 
oviposition and larval growth and increased larval 
mortality of D. maculatus. This agrees with the present 
work, where larvae were·not observed in stored fish 
with salt contents above 10% up to 12 weeks of storage. 
4.5.6 
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However, after 20 weeks of storage, shrivelled larvae 
were noticed in fish with salt concentrations above 10% 
(wwb), although no flesh damage was notable. 
storage life and consumer acceptance of salted smoked 
fish 
Smoked fish in Kenya is normally stored for less than 4 
weeks before consumption and these 
indicate that salting in 15% 
protection from beetle damage 
initial experiments 
brine would ensure 
during this period. 
However,. for longer storage, higher brine levels may be 
necessary, although this would depend on the heavily 
salted fish products being acceptable to consumers. 
watanabe and Dz~kedzeke (1971) demonstrated that 
relatively lightly salted (8-9% salt in the final 
product) smoked fish was acceptable in zambia. Cole 
(1975) also found that salted fish fetched higher market 
prices in zambia than unsalted, although the iatter were 
more common. 
Most 
that 
high 
where 
the 
and 
African countries do not salt fish (FAO, 1981) and 
is possibly why-the beetles have not developed a 
tolerance to salt. However, in South East Asia, 
salting fish has been carried out for many years, 
beetles appear to have developed resistance to salt 
therefore salting does not offer protection against 
Dermestes infestation (Hanson and Esser, 1982; Esser, 
1988; Rattagool ·et al., 1988). 
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Consumer acceptance of the product is essential and so 
sensory evaluation of smoked fish which had been 
pre-soaked in 0, 10, IS, 20 and 25% brine solutions was 
carried out (Table 43). 
Table 43: Average sensory scores of smoked Nile Perch brined in 
different salt concentrations 
Sensory Scores 
Brine conc. % Uncooked Cooked in tomatoes and 
onions stew, without 
additional salt 
0 1.1 ( 0 .3) 1.3 ( 0 .7) 
10 2.6 (0.9) 2.2 (1. 3) 
15 3.1 (1.1 ) 2.6 ( 0.7 ) 
20 3.2 (1.0 ) 2.5 ( 0.5 ) 
25 4.1 (0.8) 3.9 ( 0 .7) 
Notes 
1. Sensory score was from 1 (not salty) to 5 (too salty) 
(Appendix 5). 
2. A score of 3 represented the most acceptable salt taste. 
3. The figures in parenthesis represent standard deviations of 
average scores from 15 taste panellists. 
4.5.7 
_ 191 :... 
From the results of these ~rials it would appear that 
smoked fish bxined in 10, 15 and 20% salt concentrations 
were acceptable to the local consumers. Fish brined in 
25% were considered slightly salty, even when stewed. 
These results suggest that 15% brine solution could be 
used in brining smaller Nile perch (approximately 3 kg), 
if the smoked fish are intended for short term storage, 
i.e. up to 8 weeks. For longer storage 20% brine 
solution would be ideal, to ensure that all the brined 
fish achieve salt content of 10% and above which 
according to Osuji (1975a), is inhibitory to Dermestid 
larval development. 
Brine concentration of 25% would not be reco,mmended, 
since although it would achieve similar results as 20% 
brine concerning reduction of infestation, it would cost 
the processor more and also have a bigger risk of being 
rejected by the Kenyan consumers due to saltiness. 
Kenyans do not normally consume salted fish products. 
Effect of brining fish overnight on salt concentration 
of the brine solutions 
After the fish were brined overnight in various salt 
concentrations, some salt was obviously absorbed by the 
fish flesh and so lost from the brine. water was also 
lost 
ratio 
from the fish thereby 
of 4 kg fish to 20 1 
diluting brine. Using a 
brine, there was an average 
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decrease of 4.4% in salt content (Table 44). If a top 
up procedure could be devised, the brine solutions could 
be re-used, thereby reducing processing costs. However, 
brine may become heavily contaminated with decomposing 
organic matter which could influence quality of fish. 
Therefore, the number of times the brine could be 
re-used would need to be further investigated. 
Table 44: Brine concentration, before and after immersing the 
fish overnight 
_. 
. .. 
.Brine concentration Initial salt Final Salt Decrease % 
% (w.v. ) content of content of 
brine % brine % 
10 10.44 10.05 3.7 
15 15.47 14.69 5.0 
20 19.30 18.95 4.1 
25 25.13 23.97 4.6 
4 kg of fish were immersed in 20 1 brine. 
I 
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4.6 Field investigations into the effect of sun drying, 
packaging and storage on salted and unsalted smoked 
Nile perch 
4.6.1 Sun drying and storage 
4.6.1.1 Moisture contents and water activities 
There were significant decreases in moisture contents of 
both salted and urisalted Nile pe~ch (p < 0.001 and p < 
0.005 respectively, students t-test), when fish were sun 
dried for 8 hours immediately after smoking (Table 45). 
The reduction of water activity in unsalted fish from 
0.92 to 0.81 was also significant (p < 0.005, student 
t-test) although this was not the case with salted fish. 
Although salted products lose moisture during sun 
drying, when relative humidities are low, they could 
re-absorb water from the air in high relative humidities 
(Waterman, 1976). The average relative humidity on the 
day the smoked fish were sun dried was 44% within a 
range of 50 and 40%. This was low enough to allow the 
salted products to lose moisture, although they gained 
moisture during storage (Table 46), probably due to 
higher relative humidities. On the other hand, unsalted 
fish lost moisture during the same storage period. 
Maruf et al., (1990) reported similar findings of 
moisture 
Indonesian 
loss on unbrined and brined 
mackerel during storage period 
samples of 
of 20 weeks. 
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Table 45: Moisture contents, water activities and protein contents of flesh of 
unsalted and salted smoked Nile perch before and after sun drying 
unsalted Salted 
Before After Before After 
drying drying drying drying 
Moisture content 33.3 21.5 30.5 . 19.7 
(%) (3.5) (6.8) (6.1) (5.5) 
Water activity 0.92 0.81 0.76 0.75 
(0.02) (0.06) (0.01) (0.02) 
Protein content (%) 
w.w.b. 53.0 57.8 44.5 51.0 
(0.7) (3.6) (0.7) (7.2) 
d.w.b. 7~.9 75.3 64.3 63.5 
(3.2) (2.9) (4.5) (8.2) 
Salt content (%) 
w.w.h. nd nd 8.4 9.2 
(1. 3) (0.6) 
d.w.b. nd nd 12.2 11.4 
(2.3) (0.6) 
1. The figures shown are means of 6 determinations. 
2. The figures in parenthesis represent standard deviations. 
3. The salted fish were immersed in 15% brine solution overnight before 
smoking. 
4. The unsalted fish were immersed in water before smoking. 
5. nd - not determined. 
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Table 46: Moisture and salt contents of flesh of smoked Nile perch after 12 
weeks of storage 
unsalted and Salted and Unsalted and salted and 
packed without packed without packed after packed after 
sun drying sun drying sun drying sun drying 
Initial Moisture 28.9 (5.5) 20.1 (2.9) 21.5 (6.8) 19.7 (5.5) 
content (%) 
Moisture content 10.6 (1.3) 23.4 (1.6) 11.3 (1.1) 24.0 (2.2) 
after storage 
(12 weeks) 
Ini tial salt 
content (%) 
. w.w.h. nd 8.2 (1.6) nd 8.4 (1. 3) 
d.w.b. 10.2 (1.6) 11.4 (0.6) 
Salt content (%) 
after storage 
(12 weeks) 
w.w.h. nd 7.8 (1.0) nd 8.3 (1. 4) 
d.w.b. 10.2 (1.5) 11.0 (2.1) 
1. Figures are means of 6 determinations. 
2. Figures in parenthesis represent standard deviations. 
3. nd - not determined. 
4. salted and unsalted fish were brined overnight in 15 and 0% salt 
concentrations respectively, before smoking process. 
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These observations would be due to lower Aws of salted 
fish resulting in them being able to absorb moisture 
from the air at relative humidities in which unsalted 
fish (with higher Aws) would lose water (Waterman, 
1976). 
4.6.1.2 Protein and salt contents 
There was no significant loss' of protein and salt 
contents during sun drying and storage (Tables ~5 and 
46). 
4.6.1.3 Peroxide value 
Peroxide values were determined in order to help assess 
the extent of lipid oxidation in smoked Nile perch 
during storage. Peroxide values in all treatments 
increased gradually, generally reaching the peak between 
4th and 6th week of storage (Fig~ 13). 
Lipid oxidation, as indicated by peroxide value, was 
found t~ be slightly higher in smoked sun dried Nile 
perch than in smoked Nile perch that were not sun dried. 
This applied to both salted and unsalted fish (Fig. 13). 
These results are in agreement with the findings by 
woolfe 
that 
(1975) and Koizumi et al. (1980) who reported 
in dried fish, lower moisture levels were related 
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Fig.13: Effect of salting and sun drying on 
peroxide values of smoked Nile perch 
Peroxide value mEq IKg 
30~------------------------------------~ 
25 
20 
15 
10 
5 
OL-~ __ J-__ L-~ __ J-__ L-~ __ -L __ ~~ __ -L __ ~ 
o 1 . 2 3 4 5 6 7 8 9 10 11 12 
Storage time in weeks 
- . Salted,undried --+- Salted,Sun dried 
--*- Unsalted,undrled -B- Unsalted,sun dried 
Salted In 15% brine before smoking 
Values are means of 6 determinations 
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to faster lipid oxidation rates. Akande et al. (1990) 
reported an Aw of. 0.74 in salted minced fish products as 
being critical with regard to lipid autoxidation. 
Presence of 
contributed 
Sun.,..light is 
Del Valle 
sun-light during 
to acceleration 
drying may 
of lipid 
also have 
oxidation. 
known 
et al. 
to catalyse rancidity reactions. 
(1973) investigating rancidity 
development in sun dried and tunnel dried cakes reported 
the former to be more rancid and concluded the presence 
or absence of sun-light was responsible for the 
differences. 
salting also appears to increase lipid oxidation (Fig. 
13). The presence of inorganic materials such as sodium 
chloride have been implicated in accelerating lipid 
autoxidation (Caste1l et al., 1965). Koizumi et al. 
(1980) reported salt as having a pro-oxidant effect and 
this would explain the higher levels of peroxide values 
in salted compared with unsalted fish. Thus the salted 
sundried Nile perch had the highest rate of lipid 
oxidation during these trials (Fig. 13). However, it 
appears that sun drying hai a bigger effect in 
accelerating lipid oxidtion than salting. 
It has been reported by several workers that presence of 
phenolic compounds in wood smoke tend to ~xhibit some 
anti-oxidant property which retard oxidation (Simpson, 
-----------------------~-
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1965; Tilgner, 1977; Hamm, 1977; Akande et al., 1990; 
Senisi, et al., 1980). woolfe (1975) however found no 
evidence of smoke decreasing the rate of oxidation of 
sardinella aurita lipids. From results of these trials, 
peroxide values do not appear to be very high even at 
their peaks (less than 30 mEq/kg; Fig. 16). According 
·to Connell (1980), rancidity is detectable 
organoleptically after peroxide values are 20-40 mEq/kg 
and above. The same author also reported that rancidity 
is more noticeable inunsmoked than smoked fish. 
Nile perch being 
lipid oxidation. 
a fatty fish is very susceptible to 
Although rancidity .may not be 
considered a problem in traditionally cured fish 
products in some count~ies(Waterman, 1976; watanabeand 
Dzekedzeke, 1970), it is important to reduce lipid 
oxidation in fish oils. Some evidence has been found 
indicating that lipid peroxides (the intermediate 
products of oxidation which are measured by peroxide 
value) are toxic (Toyoma and Kaneda, 1962; Sanders, 
1987), although Arai and Kinumaki (1980) found no 
evidence of toxicological problems with rancid fish fat 
. fed to rats. It is also evident that the nutritional 
value of oxidised fat is appreciably lower than that of 
the fat in its natural form (FAO, 1981). vitamins A and 
E can be destroyed by lipid peroxides {Olcott, 1962). 
4.6.2 
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Packaging 
Separating different layers of fish with grease proof 
paper in baskets did 
any type of spoilage 
not offer any protection against 
of cured fish. This method 
therefore had no advantage over the conventional method 
of stacking fish together. The separated fish were 
attacked by moulds and insects as were stacked fish. 
Screening the fish with mosquito net (Plate 5) appeared 
to keep away the beetles and their larvae during the 
storage period although some beetles appeared in two 
screened baskets that had torn nets. These observations 
indicate that, as expected, the beetle attack the fish 
during storage rather than during processing, since the 
fish that were sun-dried and screened were not infested 
by beetles. 
Screening the basket with mosquito net is both a 
cumbersome and unreliable method due to' the high 
probability of having the net torn, which would allow 
insects onto the fish. However, the method can be 
easily adopted by local fish processors and wholesalers, 
by constructing a wooden or cardboard box with a wire 
mesh (mosquito net size) 
bigger insects such as 
lid .. This would prevent the 
beetles and blowflies from 
getting to .the fish and infesting it. However, during 
these trials the small flies of Phoridae family found 
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their way onto the fish through the net and laid eggs on 
fish with 42% moisture content and above (Table 42). 
Therefore drying the fish to below 40% moisture content 
and screening would probably ensure that no insects 
attack the fish. 
The packaging method using screens may not be readily 
adopted by processors due to extra cost involved as well 
as other requirements such as further drying (if 
necessary), and care in handling screens. 
4.7 Sorption isotherms of salted and unsalted smoking Nile 
Perch 
Salting and drying methods of preservation are widely 
used throughout the world. The microbiological 
stability of salted and dried fish products depend on 
their water activity (Scott, 1957). The relationship 
between water activity and moisture content is usually 
presented in form of a sorption isotherm, which for a 
food material, gives rise in most cases (though not all) 
to curves of sigmoid shape (Brunauer, 1945; Labuza, 
1968; Karel, 1975; Iglesias and Chirife, 1982). The 
sorption isotherm curves of salted (4% salt wwb) and 
unsalted smoked Nile perch in this work showed similar 
trend (Figs. 14 and 15) of a typical food isotherm. 
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Fig.14: Effect of temperature on moisture 
adsorption isotherms of smoked Nile perch 
% Moisture 
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Fig.1S: . Effect of temperature 00 adsorption 
isotherms of smoked uosalted Nile perch 
% Moisture 
20r-------------------------------------~ 
15 
10 • 
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Studies of the rates of chemical reactions in foods have 
shown that for most dry processed foods there is a 
moisture content below which rates of quality loss are 
negligible (Labuza, 1984) • This moisture content 
corresponds 
BET isotherm 
to the monolayer value, as determined from 
equation (see section 2.5.2.2) and is 
generally, around a water activity of 0.2- 0.4 (Labuza, 
1984). From figures 14 and 15 it would appear that the 
moisture 
monolayer 
slightly 
content of approximately 7% corresponds to the 
of smoked Nile perch, although this varies 
with storage temperatures and fish flesh salt 
content (see sections 4.7.1 and 4.7.2). If the food is 
susceptible to oxidation of unsaturated fats, the rate 
of oxidation increases as water activity decreases below 
the monolayer value (Labuza, 1968). This would apply to 
fish, since they have high percentage of unsaturated 
fatty acids. 
A critical water activity according to Labuza (1984) 
'also exists below which no micro-organisms can grow. 
For most foods this Aw is in the range of 0.6 - 0.7 
(Fig. 1). Therefore deterioration of quality of foods 
increases with increase of water activity above 0.7. 
Thus, the knowledge of product's moisture sorption 
isotherms, allow prediction of the optimum moisture 
content for prolonged storage (Labuza, 1984). 
4.7.1 
4.7.2 
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Effect of temperature on moisture sorption of smoked, 
salted and unsa1ted Nile perch 
Adsorption isotherms for both salted (4% salt content, 
after process) and unsalted smoked Nile perch showed 
that for any given quantity of sorbed water, the water 
activity increased with an increase in temperature 
(Figs. 14 and 15). These results are in agreement with 
the findings of WUltijumnong et al. (1985). This 
implies that it would be necessary to reduce the 
moisture content of fish (or food) more when stored at 
higher storage temperature than when stored at lowe.r 
temperatures. 
Effect of salt content on moisture sorption of smoked 
Nile pe'rch 
At water activities greater than 0.2 the quantity of 
sorbed water· was more for salted than the unsalted fish, 
at the 3 temperatures studied. Figure 16 shows the 
general trend. These observations are similar to those 
reported by WUltijumnong et al. (1985). 
The results of these trials show that for a given 
constant 
salted 
water acti vi ty 
fish will have 
and at constant temperature, 
a higher moisture content than 
unsalted. This therefore would mean that the moisture 
content in the multilayer region would be higher for 
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Fig.16: Effect of salt on adsorptjon jsortherms 
. of smoked Nile perch at 25°C 
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salted fish compared with u~salted. A salted fish with 
higher moisture content may therefore, be as stable as 
an unsalted fish product with lower moisture content. 
Fish with different salt contents show significant 
differences in the isotherms (Wultijumnong et al., 1985) 
and so to predict the 
construct moisture 
concentrations as that 
to stability, it is necessary 
isotherms of the same 
of the intended product 
salt 
or if 
already determined, one can refer to the isotherms of 
the product and process. Many foods isotherms have been 
determined and published (Iglesias and Chirife, 1982). 
4.8 Effect of salt concentration on oviposition, larval 
growth and mortality of blowflies from larvae infesting 
in smoked fish in Kenya 
4.8.1 Effect of salt concentration of fish flesh on 
oviposition by L. cuprina and Chrysomya spp. 
Tables 
were 
47 and 48 show 
oviposited on 
that the largest number of eggs 
the lowest available salt 
concentration although oviposition was not restricted to 
the fish with lowest concentration. Table 47 clearly 
demonstrates that L. cuprina preferentially oviposited 
on the fish present with the lowest salt concentration. 
Table 48 shows that Chrysomya spp. did not readily 
oviposit on salted fish, although when they did, 90% of 
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the eggs were oviposited on the lowest salt 
concentration. When they were presented with a choice 
of unsalted fish (series C and D), Chrysomya spp. 
readily oviposited only on unsalted fish. 
These results suggest that although blowflies tended to 
oviposit on the.lowest salt concentration (i.e. over 70% 
.ggs, in these trials), other factors may also influence 
oviposition sites. 
during all the trials. 
Group oviposition was observed 
This is evident from the large 
standard deviations which indicate that oviposition was 
not spread evenly on the 3 replicates of any salt 
concentration. Esser (1990) reported similar 
observations and. suggested that the group oviposition 
may be due to attraction of other flies to ovipositing 
flies, thus outweighing any repellent effect of high 
salt concentrations. 
When there was no choice L. cuprina oviposited on fish 
with relatively high salt concentration (10% wwb; 39% 
dwb), although the number of eggs deposited were 
relatively few (Table 47). The decrease could be due to 
females being "spent", i.e. few eggs left by Trial 4. 
On the other. hand, Chrysomya spp. did not oviposit· on 
fish with salt concentration beyond 8.7% wwb (37% dwb), 
even in the absence'of choice (Table 48). The low egg 
numbers suggest females were spent by Trial 3. 
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Table 47: Effect of salt concentration of fish on oviposition by 
Lucilia cupdna 
salt concentration of fish flesh (% wwb) 
Series Trial 6.4 8.7 9.3 10 
32.7 (dwb) 37.0 (dwb ) 38.0 (dwb) 39.0 (dwb) 
1 2147(1733) 0 0 0 
A 2 - 3244(5619) 721(1076) 0 
3 - - 2066(1242) , , 78(135) 
4 - - - 866(868) 
1 1657(1996) 94(46) 29(7) 0 
B 2 - 165(286) 48(75) 0 
3 - - 43(38), 0 
4 - - - 5(8) 
1 689(622) 81(56) 0 0 
C 2 - 346(392) 114(213) 0 
3 - - 44(76) , 0 
4 - - - 117(202) 
1 141(123) 0 0 0 
0 2 - 28(48) 0 0 
3 - - 110(90) 0 
4 - - - 5(9) 
% eggs on the 
lowest salt 
100 
82 
96 
-
92 
77 
100 
-
89 
71 
100 
-
100 
100 
100 
-
1. Figures are means of number of eggs oviposited on 3 replicates of each salt 
concentration. 
2. Figures in parenthesis represent standard deviations.' 
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Table 48: The effect of salt concentration of fish on oviposition by 
Chrysomya spp. 
'(a) Series A and B 
Salt concentration of fish flesh (% wwb) 
Series Trial % eggs on 
6.4 ' 8.7 9.3 10 lowest salt 
32.7(dwb) 37.0(dwb) 38.0(dwb) 39.0(dwb) 
1 0 0 0 0 -
A 2 - 335(580) 0 0 100 
3 - - 0 0 -
4 - - - 0 -
1 0 0 0 0 -
B 2 - 0 0 0 -
3 - - 0 0 -
4 - - - 0 -
(b) Series C and D 
Salt concentration of fish flesh (% wwb) 
Series Trial % eggs on 
0.4 6.4 8.7 9.3 10 lowest salt 
1 1545(2677) 0 0 0 0 100 
C 2 - 19(33) 0 0 0 100 
3 - - 41(73) 0 0 100 
4 - - - 0 0 -
5 - - - - 0 -
1 373(645) 0 0 0 0 100 
D 2 - 294(509) 32(73) 0 0 90 
3 - - 0 0 0 -
4 - - - 0 0 -
5 - ~ - - 0 -
1. Figures are means of number of eggs oviposited on 3 replicates of each 
salt concentration. 
2. Figures in parenthesis represent standard deviations. 
4.8.2 
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In Africa, salted fish are reported by many workers to 
be unattractive to blowflies (Green, 1967; Mills, 1979; 
Proctor, 1972; McLellan, 1963). Walker and wood (1969) 
also found that salt inhibited egg laying of unspecified 
blowflies on salted Haplochromis and Lethrinops spp 
during field trails in Malawi. The results of the 
current work tend to contradict the findings of these 
workers, although the blowflies used during these trials 
originated from Kenya in Africa. This is probably 
because during the field trials in Malawi and other 
parts of Africa, the blowflies had a choice of unsalted 
fish. The results, however, generally agree with the 
. report, that in absence of choice, C. megacephala from 
South East Asia oviposited on fish with high levels of 
·salt up to 40% (dwb) (Esser, 1990). In absence of choice 
between salted and unsalted fish, salt levels of 15-30% 
usually found in S.E. Asian cured fish do not impart a 
repellent effect against ovipositing C. megacephala and 
L. cuprina (Esser, 1988a). 
Effect of salt concentration of fish on growth and 
mortality of L. cuprina and Chrysomya spp. 
The larval growth curves (Figs. 17 and 18) show that 
Chrysomya spp. larvae reared on unsalted fish grew most 
rapidly between second and third day of larval duration 
arid L. cuprina between the first and second day. The 
-----~-------------------- -----------_. __ .. 
- 212· -
Chrysomya spp. achieved a higher growth rate than L. 
cuprina in both trials (Figs. 17 and 18). The average 
growth rates of larvae in both species per day over the 
larval periods are shown in Table 49. 
During both trials, the mean growth rate of Chrysomya 
spp. larvae. reared in unsalted fish medium, was higher 
than L. cuprina (Table 49). During Trial B, the growth 
rate of L. cuprina larvae reared in salted fish medium 
(6.4% wwb; 32.7% dwb) was reduced by 50% compared with 
larvae reared in unsalted fish (Table 49, Fig. 18). 
Table 49: Average growth rate of larvae of L. cuprina and 
Chrysomya spp. over the larval growth period, at 30£C 
Trial Blowfly species Rearing. fish Mean growth S.D. 
medium rate mg/day 
A L. cUl2rina unsalted 19 11 
L. cUl2rina sal ted. (all) 
- -
Chr~som~a spp. unsalted 36 28 
Chr~som~a spp. salted (all ) - -
B L. cUl2rina unsalted 30 17 
L. cUl2rina salted 15 8 
(6.4% wwb) 
Chrysomya spp. unsalted 42 25 
Chrysomya spp. salted (all ) 
- -
The high standard deviations are due to the small larval growth 
after the first day. 
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Fig.17: Larval growth of L.cuprioa and Chrysomya 
• • _. • •• __ 0_ 
spp 00 unsalted fish medium at 30 ·C 
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Fig.18: Effect of salt content on larval growth 
of L.cuprina and Chrysomya spp 30°C 
Mean larval weight (mg) 
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Table 50: Effect of salt content on larval mortality on L. cuprina and 
Chyrsomya spp. 
"'--
% larval mortality 
salt content 
of fish L. cuErina Chrysomya 'spp. 
flesh 
(% wwb) Trial A Trial B Trial A Trial B 
0.4 10 (2) 7 (2) 11 (2) 9 (2) 
6.4 100 88 (10) 100 100 
8.7 100 100 100 100 
9.3 100 100 100 100 
10.0 100 100 100 100 
--
1. The figures are means of percentages larval mortality on 4 consecutive days 
determined on duplicate samples (8 determinations) '. 
2. Figures in parenthesis represent'standard deviations. 
3. Percentage larval mortality was calculated from the number of dead larvae 
out of the initial 25 that were introduced. 
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There was total mortality of L. cuprina and Chrysomya 
spp. larvae reared on all salted fish during Trial A 
(Table 50). However, during Trial B, three (12%)~. 
cuprina larvae reared on fish medium of 6.4% wwb (32.7% 
dwb) salt concentration, survived but showed reduced 
growth rate (Table 50; Fig. 18); 
In Trial A, L. cuprina larvae reared on unsalted fish 
pupated between 7 and 8 days and first emerged after 11 
days at 30o C, while those of Crhysomya spp. pupated on 
the 5th day and first emerged after 8 days at the same 
temperature. In ~rial B, L. cuprina larvae reared .on 
unsalted fish, pupated between 5 and 6 days, and first 
emerged on the 10th day, while those of Chrysomya spp. 
reared on similar medium pupated on the 5th day and 
first emerged on the 8th day. L. cuprina larvae reared 
on 6.4% (wwb) salt concentration fish medium, in Trial B 
pupated between 9 and 10 days but did not emerge even 
after 15 days. Examination of the 3 unemerged pupae 
showed that they died before developing adult 
structures. 
It appears from these observations that the higher the 
growth rate· of the blowfly larvae, the earlier the 
pupation. L. cuprina and Chrysomya spp. took 3-4 days 
for adult flies to emerge from pupae. 
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The . results of these trials on larval growth and 
mortality appear to differ with recent findings that 
salt contents in excess of 39.5% (dwb) are necessary to 
obtain high larval mortalities c. megacephala, flies 
originating from Indonesia (Esser, 1988a). During the 
trials, Esser (1988a) observed that salting the fish had 
the effect of decreasing the initial growth rate, 
although salt contents of less than 33.8% (dwb) had 
little· effect on total amount of larval growth over the 
extended larval duration. This is contrary to the 
results of present work, where salt concentration of 
32.7% (dwb), prevented growth or reduced growth rate 
over the complete larval duration. The results of 
present work, however, agree with some previously 
published reports. Kardyl (1976) reported that brining 
Lake Tanganyika sardines prevented development of 
blowfly larvae. Tropical Development and Research 
Institute (TDRI, 1984), reported that' a salt 
concentration in exce~s of 8% gave larval control of at 
I 
least 90% during trials conducted in Malawi. 
The results of these trials show that although some ~ 
cuprina larvae reared on fish with 6.4% (wwb) salt 
content (32.7 dwb) pupated, they nevertheless did not 
develop into adults. Esser (1990) however found that 
some C. megacephala larvae reared on food of relatively 
high salt concentration (upto 50% dwb) were capable of 
pupating and emerging as adults. 
4.8.3 
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It is important to note, however, that a few L. cuprina 
larvae pupated on medium with relatively high salt 
concentration (6.4% wwb and 32.7% dwb) although they did 
not develop into adults. This therefore· indicates a 
possibility of Kenyan blowflies being able to eventually 
develop salt tolerance if fish .salting techniques are 
introduced and become extensively used in Kenya, thus 
depriving blowflies choice of unsalted fish. 
Summary 
The observed differences in blowfly oviposition 
behaviour and larval salt tolerance between those from 
in Africa and from S.E. Asia could be due to S.E. Asian 
blowflies having evolved a tolerance to relatively high 
salt concentration found in S.E. Asian cured fish, which 
is salted before drying. In Kenya and Africa in 
general, where fish is not usually salted before curing 
the blowflies do not appear· to have developed any· 
tolerance to high salt concentrations. It is worthy 
noting here that although the blowflies during these 
trials oviposited in high salt concentrations in absence 
of choice, there was total or very high larval mortality 
in even the lowest salt concentration (6.4% wwb). These 
results therefore suggest that losses of fish in Kenya 
through blowfly infestation, could be prevented or 
reduced in the short-ter~ by salting the fish before 
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curing. Fish with salt contents over 8% (wwb) in these 
trials, appear to 
although they may 
prevent 
not be 
larval growth altogether, 
repell'ent to ovipositing 
females in the absence of choice. Similar findings have 
been reported in Malawi (TORI, 1984). 
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5. CONCLUSIONS 
1. Post harvest losses of cured Nile perch in Kenya are heavy 
during the wet season, and almost non~existent in dry season. 
The losses are mainly due to blowfly infestation, moulds and 
fragmentation. 
2. Brining 
before 
(whose 
blowfly 
Onset 
the Nile perch with 
smoking reduced the 
flesh salt contents 
20% salt concentration (w/v) 
losses of the smoked product 
were all > 10% wwb) through 
infestation and fragmentation. It also delayed the 
of beetle infestation and reduced the fish damage by 
beetle larvae. 
3. Sun drying smoked fish for 8 hours after processing, 
prevented blowfly infestation due a to reduction of moisture 
content to 21.5 and 19.7% for unsalted and salted fish 
respectively, 
infestation. 
but encouraged fragmentation and beetle 
4. Lipid autoxidation of smoked fish was enhanced by both 
salting and sun drying. 
5. Screenin"g the fish with mosquito nets prevented blowfly and 
beetle infestation. 
6. 
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Blowflies prefe rentially oviposited 
concentration, when given a choice 
on" the lowest 
of a range of 
salt 
salt 
concentrations. In absence of choice, L. cuprina oviposited 
on relatively high salt concentrations upto 10% (39% dwb); 
but Chrysomya spp. did not oviposit on salt concentration 
above 8.7% (37% dwb). 
7. The Chrysomya spp. reared on salted fish showed mortality 
even on the lowest salt concentration 6.4% (wwb) used in the 
trials. A few of ~. cuprina larvae reared on salted fish of 
6.4% (wwb) .salt content managed to pupate although the growth 
rate was reduced (50% reduction) compared with those reared 
on unsalted fish." However, the pupae did not emerge as" 
adults, "and died without formation of adult features. 
8. The Kenyan blowflies may oviposit on high salt concentration 
media in absence of choice, but the larvae are unlikely to 
develop to adult flies. 
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6. SUGGESTIONS FOR FURTHER WORK 
1. Further field surveys to quantify losses, especially during 
the wet season. 
2. Further field trials to assess quantitively the effectiveness 
., 
of salting prior to smoking and of screening products as loss 
reduction techniques during the wet season. 
3. optimisation of salting techniques to reduce losses. 
4. Assessment of acceptability of salted, smoked Nile perch on a 
cross section of Kenyan consumers. 
5. Economic appraisal of modified techniques. 
6. Further investigation into effect of salt concentration on 
blowfly infestation. 
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APPEM>IX I 
1. 
2. 
3. 
4. 
TRADITIONAL PROCESSORS - NILE PERCH 
Name ...................................................................................................................... .. e.- .......... .. 
Address ...................................................................................................................................... 
Average amount of Nile perch handled per day 
.............................................................................................................................. (kg/pieces) 
Average amount of Nile perch smoked per week/day .. ................................................ .. 
.............................................................................................................................. (kg/pieces) 
5. Average amount of Nile perch fried per week/day ••••••••••••••••••••••••••• 
.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 
6. Is there any sundrying'done before or after smoking? 
Before s~king ....... e... .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .... ~es;No 
After smoking .............................. .. " ......... eo.. .. .. .. .... Yes;'No 
7. Average amount of Nile perch sundried per week/day 
.............................. " ............................................................................................ .. (kg/pieces) 
8. Is there any sundrying done before or after frying Nile perch? 
Before frying 
After frying 
................................. YesINo 
YesINo 
9. What is the major cause of damage to cured Nile perch? 
(a) Blowflies 
(b) Moulds 
(c) Fragmentation 
(d) Beetles 
.......................................... 
10; What do processors do with excess fish during abundant landing? 
· ................... ' ....................................................... . 
· ...................... , ..................... ................................... . 
· ........................................ -................................. . 
11. Is there' any period when processors do not have enough fish for processing? 
resINo 
12. What species of wood are used for smoking Nile perch? 
(Give vernacular name if scientific is not known) 
· ...................................... .; .................................. . 
· ......................................................................... . 
· ......................................................................... . 
13. Are these abundant in the area? Yes/NO . ................................. . 
14. Is there preference to the type of woOd used for smoking Nile perch? 
YeS/NO 
If so, please list them down in order of preference. 
· ......................................................................... . 
· ......................................................................... . 
• ............... ~ ••••••••••••••••••••••••••••••••••••••••••• • e.e • ~ ••••••••••• 
15. Is the fish smoked rather than sundried for flavour, preservation or both? 
Preservation ••••••••••••••••••••••••••••••••••••••••••••• ! .•••••••••••••••• 
Flavour ............................................................... 
PreserVation and Flavour .................................................. 
(Tick which one is appropriate) 
16. If Nile perch'is not sundried, what are the reasons? 
· ................................................................... -.... -. 
-... -....... --. -.. -.. -. --.... --....... -. ---. -.. ---... -............. -... ----
· . ,.... -. ~ . -. -. -. -... ---.......... --....... --.... ---. ---. --................ . 
· .................. -... --.. -... -. -.......................... ~ .... ........ -.. 
· ............. -......... -.. -.. -. --. --.- .................................... . 
17. Are there'seasonal variation of blowflies? 
YesjNo 
If so, please indicate the months of abundance. 
· ............. ~ .............................................. -..... -....... . 
· ....................... -.................. -........................ -. --.. ~ .. 
· ............. -............... -. --... -..................................... -. 
APPENDIX 2 
QUESTIONNARE WHOLElSALERjRETAILER 
1. Name." ..•. ,," ." .... ""."" ...... ""." ••• "."" ... " .. """ •• "."."."."." ....... ",, ... . 
2. Address " . " .. " ... " " . " " " " " " " " .. " " " . " " " . " " " " . " " . " . " .... " " " " . " " . " . " ...... " " " . " 
. " " " " " " ... " .... " . " " " " " " " . " " . " " . " " " " " " " . " " .. " . " ~ ... " .. " . " " . " " . " .. " . " " " " " . " .. 
3. ·Occupation." " " " " " . " " ." .. " " . " . " . " .. " . " . " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " 
4. Types of fish handled 
(a) 
(b) 
(c) 
(d) 
(e) 
( f) 
5. Source of your fish 
" " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " 
" " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " .. " " " " .. " " " .......... " .. " " " .......... " .. " 
6. Are there any significant seasonal variations in the amounts of fish you 
deal with? If so, please indi.cate the months of most and least amounts of 
fish • 
.. .. .. .. " ........ " .............. " .. " .. " " .......... " .. " .................. " .... " .......................... " .. " " .............. " .. " .. " .. " 
.... " " " ........ " ................ " " ........ " .......... " ...... " " ....................................... . 
· .......................................................................... . 
7. please list your main customers. 
· .................................................................................................................. .. 
.. .. .. .. .. .. .. .. • • • _ ................................................ 4o 404o4o4o ......... 4o ................. .. 
8. How much Nile perch do you handle per day/Week or month? 
• ••••••••• 4o"4o .......................................................... 4o-............................ . 
.. • .. • • • • • .. .. , .................................................. • 4o" ................................ .. 
9. What types of Nile perch do you deal with (e.g. smoked, dried, fresh, etc)? 
10. 
11. 
12. 
...................................................................................................................................................... 
.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 
.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 
please list the types of Nile perch according to their popularity with your 
customers • 
.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .... .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 
.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 
10 .................................................................................................................. ~ .............................. .. 
What of problems do you have in dealing with Nile perch. 
For each type of Nile perch you deal with please mention problems, if any. 
TYPE PROBLEMS 
.............................................. 
.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ............ ~ .... ~., ............................ . 
· ........... ' .......... . . ............................................... . 
Do you encounter the following problems when handling Nile perch? 
(a) Bacterial spoilage 
(b) Moulds 
(c) Blowflies 
(d) Beetles 
(e) Fragmentation 
(f) Rancidity 
(g) others (state type of spoilage) 
13. Are there any' particular problems unique to Nile perch? 
(Please list them) 
· .................. ' ....... ................. -.............. , .................... . 
• ••••••••••• ' •••• 'I •••••••••••••••••••••••••••••••••••••••••• ~ ••••••••••••••• 
· . ' ........................................................................ . 
14. What do you do with excess fish at the end of the day? 
............................................................................................................................................ .. o· ...... 
.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 
15. What storage facilities do you have? 
.. .................................................................................................................................................. .. 
.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 
16. What are the storage problems with Nile perch? 
.. .................................................................................................................................................. .. 
.. .. ! .............................................................................................................................................. .. 
17. Give an estimate of the percentage losses that you incur in dealing with 
Nile perch • 
.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. . . . . . . . . . . . . . , ....................................... . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
18. Are these .losses comparable With the other types of fish? 
.. .................................................................................................................................................. .. 
APPENDIX 3 
1. 
2. 
Name of 
Address 
QUESTIONNAIRE CONSUMER 
individual or firm ......................... 10, ....................... . 
. .................................................................. . 
3. Occupation ........ ...................................•..................... 
4. 
5. 
6. 
7. 
Tribe or Nationality . .................................................... . 
Do you consume fish? • •••••••••••••••••••••••••••••••••••••••••••••••• 10 •••• 
How much fish do you buy per week or month? . ............................. . 
How many people live with you? Adults . .................................. . 
Children .................................... 
8. Wllat is your ~avourite fish? ............................................. . 
9. Do you buy NilE:!' perch? .......•...............••........................... 
10. 
11. 
12. 
What type of Nile perch d~ you like most? 
Smoked 
Dried 
Fresh whole 
Fresh fillets 
Fried 
From where do you buy Nile perch? 
Supermarket 
Butchery 
Fish Market 
Fisherman 
Can you recognise undesirable Nile perch when you see it? 
. ....................................................................... ~ .... . ". 
13. 
14. 
15. 
Have you ever bought stale or bad or insect infested Nile perch that you 
have failed to consume? If so, what type of spoilage was present? 
............................................................................. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ' .......... . 
If you don't like Nile perch, could you give reasons? 
. ........................................................................................ .. 
.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 
Have you recognised any off-flavours from the types of Nile perch you buy? 
.. ..................................................................................................................... ' .................... .. 
.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. . . . .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 
APPENDIX 4 
INFORMATION ON NILE PERCH AT LANDING BEACHES 
Date: ••• e" •••••••••••••••••••••••• Name of Beach: . ......................... . 
1. Quanti ty of Nile .perch landed •............................•..•......... kgs 
Quantity consumed fresh •...•.•.••.••.••.....•..•.....•..•••.• kgs (locally) 
Quanti ty filleted ............................... kgs (if any at the beach) 
Quantity sold whole to companies .•......•...........•...••..••...•••.. kgs 
Quanti ty sold whole to local traders' .................... e
o
* • • • • • • • • • • •• kgs 
2. TRADITIONAL PROCESSING AROUND THE BEACH 
(a) Quanti ty smoked •••••••••••••••••••••••••••• ~. kg 
(b) Quantity sun'dried ..•.••• '! .................... kg 
(c) Quantity fried ................................ kg 
APPmIDIX 5 
CONSUMER ACCEPTABILITY 
Product ..................................................................................... .. 
Name 
Date 
...................................................................................... .. " .... 
.............................................................................................. 
saltiness rating procedure 
Saltiness 
No salt 
Little salt 
~ust enough salt 
Slightly too much salt 
Too much salt 
SCORE CARD 
Sample Code 
Score 
1 
2 
3 
4 
5 
Salt Rating (Score) 
General Comments ................ .. ' ....... e," .................................................. "," ........................................ .. 
.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 
Signed ........ ' ............................................................................. .. 

